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47th Congress, ) SENATE. i Ex. Doo. 

2d Session. i \ No. 1. 



LETTER 



TR02C 



THE SECRETARY OF WAR. 



TRAKSMITTINO 



A report of the teste of iron and steel and other materials for industrial 
purposes^ made with the United States testing machine during the fiscal 
year ended June 30, 1882. 



Decxmbeb 5, 1882.— Ordered to lie on the table and be printed. 



War Department, 
Washington City^ December 4, 1882. 
The Secretary of War has the honor to transmit to the United States 
Senate a letter from the Chief of Ordnance, United States Array, dated 
November 15, 1882, accompanied with the report of the commanding 
officer of Watertown Arsenal of the tests of iron and steel, and other 
materials for industrial purposes, made with the United States testing 
machine during the fiscal year ended June 30, 1882. 

Attention is invited to the recommendations that section 3709 Be- 
vised Statutes of the United States be so modified as to exempt the 
procnrement of material for tests from the operation of its require- 
ments, and that authority be given by Congress for the frequent publi- 
cations of the results of tests in order that information of such great 
value may be qnickly disseminated; also to the recommendation that 
five hundred additional copies of the accompanying report be ordered 
printed for the use of the Ordnance Oflftce; all of which recommenda- 
tions are concurred in by this Department. 

ROBERT T. LINCOLN, 

Secretary of War. 
The Pbesident pro tempore^ 

United States Senate. 



Ordnance Office, War Department, 

Washington November 15, 1882. 
Sir : I have the honor to submit herewith, for transmission to Con- 
gress, as require<l by law, the report of the commanding officer of Water- 
town Arsenal of the tests of iron and steel, and other materials for in- 
dustrial purposes, made with the United States testing machine during 
the fiscal year ending June 30, 1882. 
Attention is invited to the recommendation that the law (section 3709 
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Revised Statutes) requiring the procnrement of supplies by contract 
after advertisement be so modified as to enable this Department to 
procure materials for tests in open mnrket. The reasons for this are 
briefly given in this report. Under tliis section purchases in open mar- 
ket can only be made when the public exigency requires the immediate 
delivery. The "public exigency" is therefore one of time only, and it 
has been so construed by the AttorneyGeneraL I respectfully recom 
mend that section 3709 be so modified as to exempt the procurement of 
material for tests from the operation of its requirements. 

It is urgently recommended that Congress be asked to authorize fre- 
quent publications of the results of tests — monthly if possible — that 
information of such great value may be quickly disseminated. The 
present report of date August 31, 1882, will hardly issue from the Public 
Printer before next spring, at the very earliest — many mouths subse- 
quent to the time when the results were obtained and ready for use. 

I have also to recommend that Congress be asked to have printed five 
hundred additional copies of this report for the use of this office. The 
calls for it are many and constant, and this Bureau should be in condi- 
tion to supply a limited number to those most interested. 
Very respectfully, your obedient servant, 

S. V. BENfiT, 
Brig. Oen.j Chief of Ordnance. 

The Hon. Secretary of War. 
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REPOKT 

OF 

TESTS OF METALS FOR INDUSTRIAL AND OTHER PURPOSES. 



Watebtown Arsenal, August 31, 1882. 

Sib : I have the honor to report that daring the fiscal year ended 
Jane 30, 1882, the testing machine at this arsenal has been kept busily 
at work in making tests for private parties and for indastrial purposes 
agreeably to the provisions of the acts of Congress governing its use. 

There have been tested during- the year 1,587 specimens in all, of 
which number 856 were tor private parties, and 664 were on Govern- 
ment account; the former occupied 97 days, and the latter 208 days. 
The private parties having work done were 33 in number, 2 of which 
were from Maine, 17 from Massachusetts, 3 from Rhode Island, 3 from 
New York, 2 from New Jersey, 4, from Pennsylvania, 1 from Michigan, 
and 1 from Kansas. 

The specimens tested for private parties were by no means so large, 
the most of them, that they could not be tested on private machines of 
smaller capacity; many specimens were of quite moderate size, but the 
parties having tests to make seem to prefer to have the work done on 
the Government machine, having great confidence in the accuracy of its 
deternunations and the care and faithfulness with which the work is 
performed. 

Since the 9th of March, 1882, the date of your order directing that 
all money received for making private tests be covered into the Treasury 
instead of beiiig used to pay the expenses of making such tests, as had 
formerly been done, there has been turned into the Treasury on this 
account tlie sum of $072.84. In addition to this the sum of $2,628.78 
was turned into the Treasury from the appropriations of 1881 for mak- 
ing tests for industrial purposes, this being the amount of contracts 
entered into for materials which were not delivered according to agree- 
ment, within the stipulated time; and of the money appropriated for the 
last fiscal year the sum of $606.76 was covered into the Treasury on 
account of similar failures of parties to comply with the terms of their 
contracts. Thus of the moneys appropriated for making tests for in- 
dustrial purposes $4,208.38 have not been used, but have been returned 
to the Treasury, mainly because of the want of promptness of contract- 
ing parties in furnishing materials for specimens to be tested agreeably* 
to the terms of their contracts. This strict adherence to rules involv- 
ing the rejection of material simply for the reason that it was not 
delivered at the time agreed upon, well enough in its way, causes great 
delays in executing work which is of great importance to the country; 
and for this and other reasons it is respectfully urged that tbe system 
of procuring materials to be tested may be modified so as to allow 
greater facilities for obtaining the exact kind of material wanted. This 
subject will be reverted to again before the close of this report. 

The tests made during the last year have been mainly on riveted 
joints, and on the resistance of white and yellow pines to forces of com- 
pression in the direction of the fiber, or as used for columns, or posts. 
This resistance is given in various works on the subject, as it has 



Digitized by VjOOQIC 
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been determined by diflferent experimenterR. The question to be deter- 
mined was whether or not the information which we have on this point 
will serve as a safe and reliable rule for engineers to base their calcula- 
tions on, in the construction of a bridge or building. 

To solve this problem a larg6 quantity of white and yellow pine was 
purchased in market ; the conditions to be fullilled were that the tim- 
ber should be sound, free from sap, large and loose knots. It was pro- 
cured in April, 1881, the white pine mostly from New Hampshire, with 
some from Michigan, and was stored for more than a year in a dry, 
well-ventilated store-hou^e, after which it was tested as single and 
compound columns composed of two, three, and four sticks, bolted 
together with keys of different thickness interposed, sometimes with 
different thickness in the same column, giving it a swell at the middle; 
191 tests of full-sized columns were made; the most of them were of the 
same length, 15 feet ; the pieces were dressed, and the ends squared 
with care, so as to give an even bearing ; they were first weighed, the 
rings of growth counted, the grain noted, whether straight or not, and 
placed in the machine in a horizontal position with the greater depth 
vertical, so that the weight of the column should have no effect in 
determining its deflection ; the elastic limit, in compound columns, 
was first determined of the pieces separately, Which were afterwards 
assembled, and the load increased gradually till failure took place. 

When only a limited number of tests have been made with carefully 
selected sticks of small size, there is no trouble experienced in drawing 
definite conclusions therefrom ; but as the tests increase in number and 
the size of the specimens becomes larger, the difficulty of drawing con- 
clusions increases, and with a large number of tests of specimens of 
large size, and with the ordinary imperfections of the timber, it is almost 
impossible to draw any general conclusions applicable to all timbers. 
It was found that the average load for sticks as large as those used 
was about one-half of that which is ordinarily given as the ultimate 
load for these woods; that the weak points are the knots, and in pieces 
which yield by the crushing of the fibers failure always takes place at 
the knots; in pieces of greater length the effect of knots is less felt, 
and it cannot be clearly demonstrated to what extent they influence the 
resistance of the column ; and in very long columns, unless the knots 
occur near the middle of the length, they seem to have no appreciable 
effect in determining the direction of flexure. Some sticks were tested 
a second time after the lapse of a year or more, and in all cases a 
diminution of strength was observed on the second trial. 

A second series of tests was made on yellow pine, each increment of 

the load being permitted to remain for five minutes and then removed, 

• measuring the set caused thereby. Curves h<ive been plotted showing 

the effect of this continuance of the load, and the effect becomes more 

apparent as the ultimate strength of the timber is approached. 

In compound columns care should be exercised in selecting the sticks 
which are to form the column ; of course it would be useless to place a 
poor with a strong stick, but it is best to place the good together and 
the inferior by themselves. !No attention was at first paid to this dis- 
position until experience showed the advantage to be gained by its ob- 
servance. 

To make the effect of knots in the resistance of short posts to com- 
pression more apparent, some columns, after having been tested and 
their resistance determined, were cutup and specimens of shorter lengths 
taken and tested ; the difference in the strength was very marked, as 
was to be expected. An oak column 168 inches long, which yielded 
at 4,953 pounds per square inch, showed in a specimen 32 inches long 
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cat therefrom 8,460 pounds per square inch, and another 7,794 pounds 
per square inch, which then gave way at a knot. Another post, 164 inches 
long, failed at 3,432 pounds per square inch, but a piece 32 inches long 
was cut from it which gave 6,230 pounds i)er square inch. A yellow- 
pine post 143 inches long gave a resistance of 4,063 pounds per square 
inch, but a specimen 32 inches long was taken from it which had a re- 
sistance of 6,230 pounds per square inch. Pieces of smaller size could 
doubtless have been cat from each of these which would have shown 
still greater strength, as they might have been obtainexi more free from 
imperfections of all kinds. Knots of even small size, firm and sound, 
exercise an injurious ett'ect upon the strength of timber. This was showii 
in a piece of spruce Irom which two samples were cut — one having a 
uniform, straight grain, the other two small knots j the strength of 
the former was 11 per cent, greater than the latter, A photograph gives 
some idea of the apparent insignificance of the knots in this case. 

When we come to determine the resistance of specimens having knots 
to forces of compression at right angles to the fibers of the wood, we find 
the resistance much increased, and this increase should be taken into 
account when selections for this purpose are possible. The resistance of 
specimens of a given wood as compared with others of its kind is gen- 
erally indicated by its specific gravity, but this does not always hold 
good. In yellow pines, some of those rich in turpentine have a high 
specific gravity and yet are not the strongest. The rapidity of growth 
will sometimes give indications of the strength. A rapid growth in oak 
is apt to be accompanied by an increase of strength, while the reverse 
is often true in yellow pine. 

RIVETED JOINTS. 

Testing-machines in general have not been arranged to hold con- 
veniently and rigidly fiat plates of considerable width, and consequently 
there are on record no great number of tests giving the proportions of 
resistance of such joints to the area of cross-section of metal. With 
the view of determining the much-needed data on this subject, both 
as applied to boilers, bridges, and similar structures, I instituted an 
extended series of experiments, commencing with the tests of ordinary 
specimens of the material used to determine its tensile strength and 
to serve as a standard of comparison for all of the succeeding tests. 
Afterward grooved specimens, 146 in number, were tested. At first the 
area of cross-section remained constant, the size of the groove varying 
Irem i inch to f inch, and then the area was increased. Of these pre- 
paratory tests 214 were made. 

Experiments were instituted to determine the amount of friction that 
is caused by the pressure with which one plate is forced against its 
neighbor by the riveting. Iron and steel plates i and f inches were used, 
held to;*ether first with one rivet and afterwards with five rivets; and 
the shearing strength of the rivets determined. More than 100 tests 
have been made of single-riveted lap-joints of plates i, f, i, f , and f 
inch, both of iron and steel, and double-riveted lap-joints with | and f 
inch plates, and single-riveted lap-joints, with a reinforced welt, with 
plates of I inch, both iron and steel. 

A portion of a locomotive boiler which had been in service for twenty- 
four years was obtained from one of the railroad companies with the 
view of determining in what way it compared with boilers made at this 
time. So far as could be detected by examination it had undergone no 
marked change, but when subjected to stress it showed a grooving of 
about i inch deep. A photograph of the specimen was taken to show 
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the thickness to which the metal was reduced by this long-continued 
action. 

MISCELLANEOUS TESTS. 

Some iron bars which had been previously tested and showed a mean 
ultimate strength of 52,034 pounds per square inch, were tested again 
after an entire rest from eight to ten months. The mean ultimate 
strength after rest was G2,146 pounds per square inch. Such a bar was 
heated to a cherry -red heat and permitted to cool, when it was tested, 
and broke at 39,700 pounds per square inch, showing that the increase 
of atreogth gained by previous stress was lost by the reheating, and the 
iron had ceased to be as strong as it originally was. 

Some 2-inch round bars of single and double refined iron which could 
not be tested last year for the want of proper means to hold the bars, 
have been tested, and show that the ultimate strength of the product 
of one mill was slightly less for the single refined than the double, and 
of the other the strength was greater. 

Wrought iron I-beams have been tested to give their resistance when 
used as columns; and some short columns with one pin and one fiat 
end, remnants of columns on hand, have been tested for compression. 

With the means at my disposal 1 am able to give merely the results 
obtained by the testing machine. I have not the means of working up 
theses results to show more clearly their bearing, and fit them for the 
practical use of others. 

The provision made in the machine for holding flat bars of moderate 
size, or specimens of plate, are all that can be desired, but the conven- 
iences for testing round bars of all sizes are not so perfect. The speci- 
men, if it be of a ductile material, is diminished in size, and as the 
holder does not follow up the action of the specimen, the latter is not 
held so firmly as at first, and finally is liable to slip in the die. The 
importance of being able to test specimens of round bars of all sizes 
just as they come from the mills, was deemed so urgent that I pro- 
ceeded at considerable expense to add to the machine this important 
and necessary part. It is made throughout of steel, and from ther 
experience thus far had with it there seems to be little doubt of its 
answering the desired purpose admirably well. As yet I have prepared 
only a single set of dies for 2-inch bars; others will have to be added 
as the necessities require and the funds will permit. The cost of this 
new holder has been $1,309. 

Mr. James E. Howard, who has had the immediate charge of the 
machine and of the tests made thereon, has performed his laborious 
duties in a manner highly acceptable to myself and the private parties 
who have had occasion to make use of the machine. His intelligent 
interest in the work, the cai'e that he takes to insure entire accuracy of 
results, his quickness to observe all that takes place, and the skill with 
which he manages the machine, are a sure guarantee for the perfect re- 
liability of the results obtained, and persons who have been present at 
the tests of their own materials, to see for themselves that every pre- 
caution is taken to insure accuracy, have expressed themselves as en- 
tirely satisfied in every particular with the manner of conducting the 
work. 

I am indebted to Capt. John Pitman, Ordnance Department, for the 
chemical analysis of certain specimens of iron and steel, and for the 
photographs and drawings which serve to illustrate this report. The 
labor of preparing the latter has been performed by him cheerfully, 
though it has not been customary to require such work, week after week, 
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firom au ofiScer of his rank ; no alternative, however, was left me, for 
when I asked for authority to procure the services of a draughtsman and 
computer for this purpose, I was told to call upon my officers to perform 
those duties. From this it might be argued that a high estimate was 
not placed on the services of the officers of tlie Department. I cannot 
believe that the Government consults its best interests by such assign- 
ments of its officers to duty. Captain Pitman can, in my opinion, be 
better employed than as a draughtsman, accomplished as he is in this par- 
ticular. I am indebted to Mr. Joseph M. Wilson, C. E., engineer of the 
bridges and buildings of the Pennsylvania Eailroad, and .W. S. Thomp- 
son, C. £., for suggestions in regard to the tests, the former of riveted 
joints for bridges, &c., and the latter of wooden columns or posts. I 
appreciate the interest that these engineers have taken in this work, 
and have profited by their suggestions. 

In my last year's report I proposed to add to this machine the neces- 
sary fbctures to enable me to make tests of torsion, and measure the 
transverse resistance of materials on this machine. Further experience 
eonvinces me that in place of changing this machine to adapt it to these 
several kinds of work it would be better to make new machines for 
these purposes and retain the present for those tests for which it is so 
well adapted. The only objection that has come to my knowledge in 
relation to the tests made by the Government on this machine is the 
expense attending them. This has been urged only by those who have 
had very long specimens to test ; and in order to do this work extensive 
changes had to be made in the machine to prepare it for the extraor- 
dinary demand made upon it. It requires a half day and the services 
of three additional men to remove the holders from tbeir normal posi- 
tion so as to take in these long specimens; and when, as it often occurs, 
they have considerable ductility, the time required to follow up a 
stretch of 40 inches or more, as has been necessary in some cases, and 
to rupture the 8{)eciinen, necessarily makes the expense proportionately 
great. If, as in other machines, only specimens of nearly one size 
were tested, this expense of shifting from khids of work widely dis- 
similar would not be required; but Justin proportion as the machine is 
made to do a greater variety of work, so will the cost of doing this 
work be increased from the necessity of making greater changes in the 
machine to adapt it tliereto. In the selection by a certain party of a 
machine on which to do some extensive work of testing, outside con- 
siderations ma<le it desirable that another machine than that of the 
Grovernment sliould be chosen. Examination of both machines was 
made, with the view of determining which should be finally chosen ; 
and the result of the investigation led to the selection of the Govern- 
ment machine, as the choice of any other would involve too great a 
sacrifice of time and convenience to render it admissible. The wisdom 
of the choice has been made apparent by both the quantity of work as 
well as its quality ; as many as 80 tests having been made in one day, 
when the specimens varied only slightly and many measurements were 
not required. 

It almost always happens that a combination machine is made such 
at the sacrifice of some one or more important feature, and to attempt 
to engraft on the testing machine now on hand, which will have work 
enough to keep it busy for years to come, the means of making trans- 
verse and torsional testjs, will result in providing means of making trans- 
verse and torsional tests inadequate to the wants of the country, and 
will further complicate the machine so as to increase the labor of adapt- 
ing it to these various kinds of work and thereby proportionally add to 
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the cost. I would therefore respectfully recommend that, instead of 
changing^ this machine to adapt it to perform any new service, it be 
retained for the uses for which it is at present prepared, and that new 
machines be built for testing transversely and by torsion. We shall 
then have the most complete means of performing economically the 
several tests to which it is desirable to sabject materials ac<;ording to 
the use or purpose for which they are intended, and this course will in 
the end prove not only the most convenient but also the most econom- 
ical and satisfactory. 

There are one or two points in regard to which it is highly desirable 
that there should be some special legislation to render it possible to 
carry on this work to the best advantage. And first, in regard to the 
procurement of materials. The law requiring the contract for supplies 
furnished to be given to the lowest bidder renders it impossible at 
times to procure just the kind of materials which it is desirable to test. 
I have just been testing the white and yellow pines as they are found 
in our markets. Of these woods we know next to nothing, where they 
grew, when they were cut, of what varieties they are, what kind of soil 
furnished them, &c. It is highly important that we should make tests 
of timber in large pieces cut from trees, the complete historj' of which 
we can be perfectly sure of. This is not possible without some change 
in the law directing how purchases shall be made. 

So, again, it is desirable that we should test specimens of iron and 
steel made from certain ores, the history of which and the product in 
all of its details we shall have full and complete knowledge of. How 
can we have this when we must purchase of the lowest bidder and take 
his word only that we shall have what we require! 

Again, it is desirable that we shall have the means of printing the 
results of the tests without waiting some two years to have it done as 
at present ; and we also much need the means of disseminating this 
information where it is most wanted and most highly appreciated. 
There is information in this report of great interest and value to certain 
industries which will be kept In ignorance of it for two years or more 
after the tests were made, when the parties could, by a different system 
of publication, not practicable without new legislation, have been in 
possession of the main facts almost immediately after the facts were 
determined. 

Applications are constantly made to me for copies of the reports of 
the tests which have been already made. It would seem to be a very 
proper arrangement to place a given number of those reports at the 
disposal of the officer having charge of the making of the tests, to be 
disposed of on the payment of a fixed price, to enable those who have 
an interest in knowing about the tests to procure at a moderate expense 
the detailed report of them. 

I would again recommend that specimens which have been tested 
may be sold, and the proceeds used in procuring other materials for 
similar purposes, a report, of course, of all such sales to be made to 
Congress. The money appropriated for the testing of materials for in- 
dustrial purposes, so far as it has been spent, it is believed has been 
expended judiciously, economically, and for the purposes for which it 
was appropriated. The results obtained will be appreciated most by 
those who know most of the wants that are thereby filled, who are most 
conversant with the subject considered. A larger sum of money than 
has heretofore been granted by any annual appropriation can be ex- 
pended to great advantage to the country at large in carrying on these 
tests. This is a matter in which all are more or less intimately con* 
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cerned, as all are interested in the safety of oar bridges, public build- 
ings, locomotive and steamboat boilers, &c., which may be made by 
the aid of such information as can only be obtained from such tests as 
are here referred to, both safer and more reliable, and at the same time 
less expensive than at present. 

Money is freely and wisely given for the dissemination of useful prac- 
tical knowledge in regard to any of the various branches of agriculture, 
but the people are as much interested in the development of our im- 
mense mineral resources and the improvement of our manufactured 
productions as in those of the soil. Valuable information furnished in 
reference to the former will repay as surely and promptly the cost 
attending its determination and dissemination as the latter. An en- 
lightened policy demands liberality in expenditures for each of these 
purposes, for the public need is as intimately connected with the sure, 
steady, and rapid development of the one as the other. 
Very respectfully, your obedient servant, 

T. T. S. LAIDLEY, 
Colonel of Ordnance^ Commanding. 

The Chiep op Ordnance. 



EEMAEKS ON EIVETED JOINTS. 

This series of tests comprises the tensile tests of joints with plates 
having a nominal thickness of ^'', f ^^, |'^, and f of wrought iron and 
open hearth steel. 

The tensile test of the material itself for each thickness of plate. 

In J'' plates was determined the strength of grooved specimens, the 
resistance to shearing out at rivet holes, and shearing parallel to the 
grain of the metal. Experiments upon the friction of rivets are given. 
The wrought-iron plate was furnished by one maker out of one quality 
of stock. 

The steel plates were supplied from one heat cast in ingots of the 
same size, the thin plates differing from the thicker plates only in the 
amount of reduction given the metal by the rolls. 

All joints have machine-driven rivets unless otherwise stated in the 
detailed notes. "Burden's best" iron rivets used 5 steel rivets made of 
mild steel of about the same quality as employed for boiler plates. 

The joint plates have planed edges; except wherecalked the metal was 
first planed and then chipped to a beveled edge. Elongations were 
measured within a gauged length of 10^' including and symmetrical with 
the center line of the joint. An exception to the above location of the 
gauged length is found with the J" iron butt joints, where the 10" 
gauged length began at a point on the center line of the welt and in- 
cluded only one row of rivets. 

The recorded elongations show the slip of the joint plus the elonga- 
tion of the plates. 

The modulus of elasticity of the metal was found: Iron plate, 
31,970,000 pounds; steel plate, 28,570,000 pounds. 

The space between the testing-machine jaws was kept at 24''. Joints 
were adjusted in the jaws to compensate for the offset of the lap. As 
loads were applied observations were made to determine the amount of 
distortion indicated by the opening of the joint at the calked edge. 

In the tabulated results the manner of fracture is shown by sketches 
of the joints, and is further indicated by underscored figures in columns 
headed: Maximum strains on joint, pounds per square inch. 
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TESTS OF IRON AND STEEL AND OTHEE MATERIALS. 



1^0. 76. 

Tensile Test, f '' Steel Plate. 



CMN 



S4/' 



Sheet stamped T. S., 60,000 pounds. 

Sectional area, 4.46 square inches. 

Gauged length, 20". 

Free length of specimen between holders, 32''. 



Loads ap- 
pUed. 



PoundM. 

4,460 

22,300 

44,600 



6G,flOO 
89.200 



111,500 



118,000 
123.000 
125. 000 
127.000 
120.000 
131.000 
133,800 

"135,' 666' 
337.000 
130, 000 
141, 000 
143, 000 
145, 000 
147. 180 
151, 640 
156,100 
178, 400 
200, 700 
223,000 
245,000 




Poands p©r 
Bqaare inch. 



1.000 

^(K)0 
10,000 

1,000 
15,000 
20.000 

1,000 
25,000 

1,000 



80,000 
1,000 



81, 610 



33,000 
34,000 
35,000 
40.000 
45,000 
50,000 
54,030 




Elongation. 



Inch, 
0. 

.0025 
.0060 



.0005 
.0130 



.0165 



.0178 
.0182 
.0188 
.0190 
.0191 
.0195 
.0200 



.0202 
.0205 
.0208 
.0212 
.0255 
.0480 
.0800 
.14 
.38 
.60 
.94 
1.58 



3.70= 



Permanent 



Inch, 



Remarks. 



Elastic limit. 



Ultimate strength. 
18.5 per cent. 



Elongation of inch sections, 'M4, ".14, 'M4, ".14, ".15, ".15, ".16, "-16, 
".16, ".16, ".16, ".16, ".17, ".17, ".17, ".17, ".17, ".17, ".18, ".19, ".20, ".21, 

".23, ".25, ".29, ".34, ".44, ".57, ".96,^ ".38. 

Minimum width at fracture, 10".06. 

Average thickness at fracture, ".19. 

Area at fracture, 1.91 square inches. Contraction of area, 57.2 %. 
Silky fracture. The specimen varied in thickness ; the elastic limit was 
passed in the minimum section first. Fracture occurred at the smaller 
end, and the elongations show the greatest stretch at this end. 

When the '* Cooper lines " were first developed some appeared at right 
angles to the axis of the specimen ; others followed in diagonal lines 
from each edge,. intersecting each other. 

The diagonal lines make an angle of 5(j^ 20' with the axis of the speci- 
men. 
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The direction of fractare was diagonally across plate at an angle of 
61^ l(y with the axis of the specimen. 

When the fractared ends are brought together an opening at the 
middle remains about '^23 wide. ' 

SINGLE-RIVETED LAP JOINTS, i" IRON PLATE. 

No. 35.-4'' Ikon Plate. Joint A . 




I" iron rivets, *' Burden's best." 

Punched holes : Punch, ".695 diameter ; die, ".752 diameter. 

Square inches. 

Oroes sectional area of plate 2. 425 

Net sectional area of plate 1.55 

Bearing sarface of rivets p8 

Shearing area of rivets (".70 diameter) 1.92 



Loads ap- 
plioU. 


Elongation in 
10 isohes. 


Permanent 
set. 


Bemarks. 


Pound*. 
5,000 
8,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
5,000 
40,000 
42.000 
44,000 . 
46,000 
48.000 
50.000 
52.000 
54,000 
56.000 
58.000 
00,000 
62,000 
67, 000 


iTUih. 

0. 

.0009 
.0012 
. 00-'8 
.0040 
.0050 
.0080 
.0108 


Inch. 


Joint opened abont ".01, 
Kiret heads scale. 

Joint opened barely ".02 

• 


or less. 
















.0030 


.6i45 
.0162 
.0188 
.0212 
.0240 
.0270 
.0208 
.0345 
.0480 
.0556 
.0635 
.0735 































Failure occurred by t^^aring out upper plate at four rivets, as shown 
by the sketch, and by shearing one rivet, second from outside. The 
fracture first in sight appeared at the end of the plate at the calked 
side of the joint. Fractures also appeared at the end of the lap opposite 
the three middle rivets. In the nnder plate no fracture apparent at the 
holes. The sheared rivet had fracture started under the head. Another 
rivet was slightly fractured in the same manner. 
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14 TESTS OF IRON AND STEEL AND OTHER MAT^ERIALS. 

Maximum loads on Joint, 

Ponnda per sq. ineb. 

Tensile strain on f^ross section of plate 27,(RJ0 

Tensile strain on net section of plate ---• 43,230 

Compressive strain on bearing surface of rivets 76, 140 

Shearing strain on rivets 34, 900 

No. 36.— i'' Iron Plate. Joint A . . 



4 


16- 

! « 


T 


5 


i'^ 


\ 


1 


%•? 




s 


^•i 


*1 


iio 


^ 


*^ 


^ 


•*|0 


i 


^ 


4. 


io 


4- 



=^> 



I'' iron rivets, " Burden's best." 

Punched holes : Punch, ^'.095 diameter ; die, ''.752 diameter. 

Sqaare inohes. 

Gross sectional area of plate 2.52 

Net sectional area of plate 1.63 

Bearing surface of rivets 895 

Shearing area of rivets (".70 diameter) 1.92 



Loiuisap- 
plied. 


Elonnttonln 
10 mches. 


PMnumeut 

set. 


Bemarks. 


6,000 
10,000 
15,000 
20.000 
25,000 
30.000 
35,000 

5,000 
88,000 
40, 000 
42,000 
44.000 
40,000 
48, 000 
60,000 
52,000 
54,000 
56,000 
68,000 
60,000 
62, 000 
64.000 
66,000 
68,000 
74,200 


0. 

.0000 
.0018 
.0028 
.0040 
.0058 
.0078 

*0088"** 

.0103 

.0117 

.0130 

.0148 

.0103 

.0108 

.0253 

.0308 

*0378 

.0458a 

.0537 

.0613 

.0708 

.0800 

.0920 


Inch. 


Joint open at calking aboat ".01. 

Joint open about ''.04 to ".05. 
Ultimate Btrenfith. 












."oois"" 
































1 





Joint failed by shearing four rivets, and tore out upper plate at one 
end rivet. 

Fractures started at end of lap in eaeh plate and opposite each rivet 
but one. 

All the sheared rivets had fractures started under the heads. 

Elongation of holes from ".04 to ".08. 

Eloles with the die-side in, stretching the most. 
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Ma^mum loads on joint. 

Pounds per sq. Inch. 

Tenailo strain on gross section of plate 29, 444 

TensiJe strain on net bection of plate 45,520 

Compressive strain on bearing surface of rivets &'i, 910 

Shearing strain on rivets 38,640 



No. 41 



^' Iron Plate. 



Joint A A 



,^ 




.8 




^^'''•l&r 



I'' steel rivets. 

Punched holes: Punch, ''.69 diameter; die, ".75 diameter. 

Square inch. 

Gross sectional area of plate 2.41 

Net sectional area of plate 1.54 

Bearing surface of rivets 0.868 

Shearing area of rivets (".70 diameter) 1.92 



Loads ap- 
pUed. 


EloDKation in 
10 inobea. 


Permanent 
act. 


Remarks. 


Poundt. 
5,000 
10,000 
16,000 
20,000 
25,000 
80,000 
36,000 
6,000 
88,000 
40,000 
42,000 
44.000 
46,000 
48,000 
50,000 
52,000 
64,000 
58,000 
68,000 
60,000 
62,000 
64.000 
06.000 
68,000 
70, Olio 
72,000 
74,000 
75,800 
76,100 


Inehet. 

.0 

.0012 

.0028 

.0041 

.0062 

.0000 

. 0120 


Inehet. 


PerceptiMe starting of the joint. 
Joint open about ".004. 

Joint open ".01. 
Joint open ".02. 

Joint open about ".03}. 

Joint open ".05. 

intimate strength. 













.0040 


.0149 
.0161 
.0180 
.0210 
.0238 
.0260 
.0289 
.0820 
.0336 
.0400 
.0438 
.0480 
.0528 
.0580 
.0650 
.0790 
.0860 
.0970 
.1080 
.1240 













































Fractures appeared first at end of upper plate opposite the outside 
rivets, shown at A • on the sketch. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



The upper plate tore out behind three rivets; the lower plate at two 
rivets. 

Maximum loads an joint. 

Poimda per sq. inch. 

Tensile strain on gross section of plate 31,580 

Tensile strain on net section of plate 49,420 

uompressive strain on bearing snrface of rivets 87,670 

Shearing strain on rivets 39,640 

No. 42. — J'' Iron Plate. Joint A A . • 



JL/SS 




xS»Vv/2^j 



4}^ = 

I'' steel rivets. 

Punched holes: Punch, ''.G9 diameter; die, ".75 diameter. 

Square inobea. 

Gross sectional area of npper plate 2.58 

Net sectional area of upper plate 1.65 

Bearing snrface of rivets - 929 

Shearing area of rivets (".70 diameter) 1.92 



Loads 
applied. 


Elonsation in 
10 inches. 


Permanont 
set. 


Kemarks. 


Pounds. 

5,000 
10.000 
15,000 
20,000 
25,000 
30,000 
35,000 

5.000 
38, 000 
40.000 
42, 000 
44,000 
46.000 
48.000 
50,000 
52. 000 
54.000 
50,000 
58.000 
60, 000 
62,000 
64,000 
66,000 
68,000 
70,060 
74,000 
76.000 
77,»80 


Inch. 
0. 

.0010 
.0020 
.0030 
.0052 
.0072 
.0102 


Inch. 


Joint started perceptibly'. 















.0045 


.0128 
.0140 
.0150 
.0180 
. 0210 
.0238 
.0260 
.0290 
.0335 
.0370 
.0420 
.0468 
.0530 
.0600 
.0608 
.0780 
.0870 
.1085 
.1215 
.1410 
















Joint opened ".01. 

Joint opened ".02. 
Joint opened ".03. 

Joint open abmit ".04. 
Joint open about ".05. 
Joint open about ".06. 

TTltimate strength. 
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Joint failed by tearing apart upper plate similar to A A • , fractures 
first ap{>earing at end of upper opposite the outside rivets. 

The under plate has a slight fracture at end of lap opposite the second 
rivet. 

Maximum loads <m joint 

PomidB per sq. inch. 

Tensile strain on gross section of upper plate 30,220 

Tensile strain on net section of upper plate 47,260 

Compressive strain on bearing snrface of rivets 83, 940 

Shearing strain on rivets 40,610 

No. 37.— i'' Ieon Plate. Joint • 




I'' iron rivets, " Burden's best.'' 
I)rilled holes^ ^^69 diameter. 

Square inohes. 

Gross sectional area, npper plate 2. 68 

Gross sectional area, lower plate 2. 44 

Ket sectional area, upper plate 1.69 

Bearing snrface of rivets, npper plate 89 

Shearing areaof rivets C^ 69 diameter) 1.87 



Loads ap- 
plied. 


Elongation in 
10 inohea. 


Permanent 
set. 


Bemarks. 


Poundi, 
5.000 
10.000 
15,000 
20.000 
25,000 
30.000 
36.000 
6,000 
38,000 
40,000 
42,000 
44.000 
46,000 
48.000 
50,000 

52,000 
54.000 
66,000 
58,000 
60,000 
5,000 
62,000 
64.000 
65,200 


Inch, 

0. 

.0015 
.0027 
.0042 
.0059 
.0082 
.0112 


iMh. 


Calked Joint U open about ".02. 
Scale on rivet lieada sUghtly 
started. 

Ultimate strength. 














.0036 


.0185 
.0149 
.0172 
.0197 
.0226 

.0292 

.0322 
.0429 
.0527 
.0632 
.0749 
























.0677 


.0885 
.1305 











Failed by shearing three inside rivets and tearing out plate at the 
end rivets of the upper plate. 
fi. Ex. 1 2 
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18 TESTS OF IBON AND STEEL AND OTHER MATERIALS. 

Rivets that were sheared were also fractured under the head. 



^T 




Maximum loads on joint. 

Pounds per tq. inch. 

Tensile strain on gross section of upper plate 25,270 

Tensile strain on net section of npper plate 38» 580 

Compressive strain on bearing surface of rivets 73,2G0 

Shearing strain on rivets 34,870 

No. 38.— J" Iron Plate. Joint C . . 




4 P 

I" iron rivets, " Burden's best." 
Drilled holes, ".69 diameter. 

Square inches. 

Gross sectional area, npper plate 2.64 

Net sectional area, upper plate 1.73 

Bearing surface of rivets, upper plate 911 

Shearing area of rivets (".69 diameter) 1. 87 



Loads ap- 
pUed. 


Elongation in 
10 inches. 


set. 


Bemarks. 


Pounds. 

5,060 
10,000 
15,000 
20,000 
25,000 
80,000 
35,000 

5,000 
38,000 
40,000 
42,000 
44,000 
46.000 
48,000 
50,000 

52,000 


Inch. 
0. 

.0013 
.0020 
.0033 
.0043 
.0063 
.0085 


Inch. 


Joint opened ".01, or leas. 














.0023 


.0100 
.0107 
.0124 
.0187 
.0163 
.0184 
.0210 

.0235 
.0270 
.0317 
.0445 
.0517 
. 0605 
.0705 
.0815 
.0057 
.1135 


















head. 1 


54,000 






56,000 
58,000 
60.000 
62, 000 
64,000 
66,000 
68,000 
70,000 
72,300 





























i 




Ultimate strength. ■ 
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Fractured in the same manner as O • , by shearing the three inside 
rivets and tearing out the plate at the end rivets. 

This method of failure would indicate the ability of the plate tp shear 
all the rivets in case the metal at the sides of the specimen was sup- 
X)orted and prevented from spreading. 

Holes elongated from ''.06 to ".08. 

Maximum loads on joint, 
, PoandB p«r tq. inch. 

Tensile strain on gross section of npper plate 27,380 

Tensile strain on net section of upper plate 41,790 

Compressive strain on bearing surface of rivets 79,360 

Shearing strain on rivets 38,(560 

No. 39. — J" lEON Plate. Joint D . 




I" iron rivets, "Burden's besf 

Punched holes: Punch, ".695 diameter; die, ".752 diameter. 

Square inohei. 

Gross sectional area of plate i^-^ 

Net sectional area of plate 'l.48 

Bearing surface of rivets Jl.lS 

Shearing area of rivets (''.70 diameter) 2.31 



Loads ap- Elonsation in 
plied. I 10 mchea. 



Poundi. 

5,000 
10,000 
15,000 
20,000 
26,000 
30,000 
35,000 

5,000 
38,000 
40.000 
42,000 
44,000 
40.000 
48,000 
50,000 
52.000 
54.000 
56,000 
56,000 
60,000 
62,000 
64,000 
66,000 
eg 000 
70; 000 
72,000 
77,200 



Ineh» 
0. 

.0010 
.0021 
.0036 
.0051 
.0071 
.0101 



.0117 
.0132 
.0151 
.0171 
.0103 
.0223 
.0251 
.0298 
.0831 
.0373 
.0422 
.0501 
.0571 
.0651 
.0760 
.0830 
0960 
.1060 



Permanent 



Ineh, 



.0029 



Bemarka. 



nttimate strength. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Joint failed by fracturing the upper plate across five sections and 
the under plate across two sections of the plate between rivet holes. 



Maximum loads on Joint 



Tensile strain on gross section of plate 

Tensile strain on net section of plate 

Compressive strain on bearing surface of rivets. 
Shearing strain on rivets • 



Pounds per sq. inch. 

29,020 

52,160 

65,420 

33,420 



No. 40. — J" Iron Plate. Joint D 




{" ^ iron rivets, " Burden's best.^ 

Punched holes : Punch, "'.695 diameter 5 die, ''.752 diameter. 

Square Inohee. 

Gross sectional area of plate 2.65 

Net sectional area of plate 1.48 

Bearing surface of rivets • 1.18 

Shearing area of rivets 2.31 



LoftdB ap- 
plied. 


iniolnolies. 


Permanent 
set 


Remarks. 


PowndM. 

5,000 
10,000 
16.000 
20,000 
25,000 
30,000 
85,000 

6,000 
38,000 
40,000 
42,000 
44,000 
40.000 
48,000 
50,000 
62,000 
64,000 
50,000 
66,000 
80.000 
62,000 
64.000 
66.000 
68.000 
70.000 
72,000 
74,000 
81,300 


Ineh, 
0. 

.0007 
.0020 
.0032 
.0050 
.0070 
.0094 


Inch, 


Joint about ".05 open. 
Ultimate strengUi. 














.0082 


.0114 
.0182 
.0150 
.0167 
.0192 
.0217 
.0252 
.0292 
.0822 
.0858 
.0397 
.0462 
.0510 
.0672 
.0640 
.0714 
.0807 
.0912 
.1000 













































Joint failed by fracturing the lower plate square across through line 
of rivet holes. 
Fractures started slightly at end of plate opposite two rivets. 
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Mtuoimum load$ on joint 

Ponsdt. per sq. inoh. 

Tensile ■train on groes section of plate 30,080 

Tensile strain on net section of plate 54,930 

Compressive strain on bearing snrfaoe of rivets 66;890 

Shearing strain on riyets 35,200 

No. 43.— J'' lEON Plate. Joint D D . 



^tctrted^ ivhen^ rtr^ied. 




^^ 



t" tool Steel rivets, 
^nnclied holes: Punch, '^568 diameter ; die, '^636 diameter. 

Sqnare inelies. 

Gross sectional areaof nppei plate 2.40 

Net sectional areaof npper plate 1.51 ■ 

Bearing surface of rivets 686 

Shearing area of rivets (''.57 diameter) 1.53 



Loads ap- Elongation in Pennanent 
plied. 10 mchea. set. 



Pcunda. 

6,000 
10,000 
15,000 
20,000 
25,000 
80,000 
35,000 

5.000 
88,000 
40,000 
42,000 
44,000 
46,000 
48.000 
50.000 

5.000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
68,300 



Inch. 
0. 

.0007 
.0016 
.0033 
.0046 
.0070 
.0100 



.0125 
.0136 
.0160 
.0185 
.0205 
.0245 
.0280 



.0325 
.0375 
.0435 
.0515 
.0637 
.0735 
.0873 
.1040 
.1250 
.1555 



Inch, 



.0036 



.0166 



Bemarks. 



Joint started perceptibly. 
Joint open nearly ".01. 

Joint open ''.02. 
Joint open ".03. 
Joint open ".04. 
Joint open ".06. 

Ultimate strength. 



Digitized by VjOOQIC 



22 



TESTS OF lEON AND STEEL AND OTHEB MATEBIALS. 



Joint failed by tearing out at two rivets in upper plate and through 
line of four rivets in under plate. The initiail fracture caused by rivet- 
ing was apparent by a source of weakness. Failure in the under plate 
appeared wholly due to firactures starting at the rivet holes and tearing 
till they met. In every case except one, fractures were started at the 
rivet holes; an examination of the fractured plates would indicate that 
the failure was due to the excessive compressive strain on the holes, 
and that by concentrating the strain on J'' rivets a smaller percentage 
of the full strength of the plate is obtained than by using §'' rivets, as 
was done in experiments D . and D, . It is observed that the Iracture 
in the under plate did not follow a line through the center of the holes, 
but along a parallel line inside or on the side of the center line opposite 
the lap end. 

The same remarks apply to the position of the fractures started about 
the rivet holes. 

Maximum loads on joint, 

Ponnds per sq. inch. 

Tensile strain on gross section of upper plate 28,875 

Tensile strain on net section of upper plate 46,890 

Compressive strain on bearing sunace of rivets - 78,220 

Shearing strain on rivets 45,300 

No. 44,— J^' Iron Plate. Joint D D . . 



T 



T 



■1 



t'' tool steel rivets. 
*unched holes: Punch, ".668 diameter; die, ".636 diameter. 

Square inches. 

Gross sectional area of upper plate 2.36 

Net sectional area of upper plate 1. 49 

Bearing surface of rivets 875 

Shearing area of rivets (".57 diameter) , 1.53 
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Loads ap- Elongation in, Permanent 
plied. 10 inches, i set. 



Poundi, 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
5,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48.000 
50.000 
52.000 
54,000 
66,000 
58.000 
60,000 
62.000 
64,000 
66.000 
68.000 
70,000 
72.000 
74,000 
74,080 



InehS 
0. 

.0011 
.0022 
.0038 
.0055 
.0070 
.0110 



Indu 



.0130 
.0148 
.0165 
.0185 
.0200 
.0240 
.0275 
.0312 
.0360 
.0408 
.0455 
.0525 
.0590 
.0678 
.0758 
.0832 
.0042 
.1070 
.1250 
.1278 



.0045 



Remarks. 



Perceptible moTement in Joint. 



".01. 



Joint open ' 
Joint open ".02. 
Joint open ".08. 
Joint open ".04. 
Joint open ".05. 



.1 UlUmate strength. 



Fractared square across upper plate^ aloDg a line inside of the center 
line of rivet holes. 

Fracture started about holes in lower plate, as shown by the follow- 
ing sketch: 



) o o 6 \f a xy( 



The difference in strength, 4,780 pounds between D D • and D D • • 
is attributed to the weakening of joint D D • by the riveting at the 
end section which burst the plate at that place. 

MoMmum loads on joint. 

Pounds per sq. inch. 

Teneile strain on gross section of upper plate 31,390 

Tensile strain onnet section of upperplate 49,720 

Compressiye strain on bearing surface of rivets 84,660 

Shearing strain on rivets 48,420 
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No. 45.— I" Iron Plate. Joint H 




^.^jV*v.2, 



<^ 



Eight -^^ iron rivets, "Burden's best.'' 
Drilled holes, ''.60 diameter. 

Square InohM. 

Gross sectional area of upper plate .- 2.73 

Net sectional area of upper plate 1.69 

Bearing surface of rivets 1.04 

Shearing area of rivets 1.57 



Loads ap- 
plied. 


Elonffation in 


PermaoeDt , 


Pounds. 

5,000 
10,000 
15,000 
20,000 
25,000 
80,000 
35,000 

5.000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58.000 
60.000 
62,000 
63.000 
69,450 


Inch, 
0. 

.0008 
.0018 
.0030 
.0050 
.0090 
.0130 


Inch. 














.0068 


.0158 
.0180 
.0200 
.0235 
.0268 
.0805 
.0368 
.0420 
.0490 
.0660 
• .0670 
.0758 
.0848 
.0928 

































RemarkB. 



Joint started perceptibly; slight 

scaling of rivet heads. 
Joint open ".01. 



Joint open ".02. 
Joint open ".03. 



Joint open ".05. 
Joint open ".06. 

Slight snapping sound. 
Ultimate strength. Sheared the 
rivets. 



Average elongation of rivet holes, ''.07. 

Fractures started in the outside sections of the plate. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 25,440 

Tensile strain on net section of plate 41,095 

Compressive strain on bearing surface of rivets 66,778 

Shearing strain on rivets 44,204 
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Bight f^' iron rivets, "Burden's best.^ 
Dnlled holes, ^" diameter. 

Square inohea. 

Gross sectional area of upper plate 2.86 

Net sectional area of upper plate 1.76 

Bearing sarfaoe of riyets 1.084 

Bhearingareaofriyets 1.57 



Loada ap- 
plied. 


Elongation in 
10 mohea. 


Permanent 
aet. 


Bemarka. 


5,000 
10.000 
16,000 
20,000 
26.000 
30,000 
36,000 

5,000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 

5,000 
52,000 
54,000 
56,000 
58.000 
60,000 
62,000 
64.000 
66,000 


0. 

.0005 
.0008 
.0018 
.0040 
.0070 
.0120 


Inch. 


Scale atarta on riyet heada. 
Joint atarted perceptibly. 

Joint open ".01. 

Joint open '^02. 

Joint open ".03. 
Joint open ".04. 

Joint open ".07. 

Ultimate atrenfrth. Sheared aeyen 
riveta, tore ont plate at one end 
rivet. 












.0072 


.0160 
.0178 
.0200 
.0235 
.0270 
.0835 
.0308 














.0290 


.0470 
.0572 
.0666 
.0770 
.0008 
.1070 
.1260 
.1500 



















Fractares started about rivet holes. 

Average elongation of holes ''.09 in plate not fractnred. 

Maximum loeuls on joint. 

Ponnda per aq. inch. 

Tensile strain engross section of plate 23,158 

Tensile strain on net section of plate 37,500 

Compressiye strain on bearing surface of riyets 60,886 

Shearing strain on riyets 42,038 
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DOUBLE RIVETED LAP JOINTS i" IRON PLATE. 

No. 85.— J" Iron Plate. Joint I • 






n ^ 

; o 



J- 



I 



^^^^ 



-ft^" iron rivets, "Burden's best.'' 
Drilled holes, '^50 diameter. 

Square inohM. 

QroflB sectional area of plate 2.64 

Net sectional aiea of plate 1.98 

Bearing surface of rivets 1.19 

Shearing area of rivets 1.77 



Loads ap- 
pUed. 


Elongation in 
10 inohes. 


Permanent 
set. 


Itemarks. 


Poundt, 
6,000 
10,000 
20,000 
30,000 
40,000 
46,000 
50,000 
55,000 
60,000 
5,000 
65,000 
70,000 
72,000 
74,000 
76,300 


Inch, 

0. 
.0009 
.0030 
.0065 
.0128 
.0168 
.0212 
.0362 
.0438 


Inch. 



























Joint opened peroeptibly. 
Joint opened ^'.01. 
Joint does not close. 
Joint open ".03. 
Joint open ".04. 
Joint open ".06. 






.0315 


.0600 
.0802 




.0950 
.1180 












Ultimate strength. Sheared elebt 
rivets tore ont plate at one end 
rivet, started fraistnre in plate 
at other end rivet. 







Average elongation of holes, ".06. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross area of plate 28,900 

Tensile strain on net area of plate 38,535 

Compressive strain on bearing surface of rivets 64,120 

Shearing strain on rivets 43,110 
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No. 86.— J" IBON Plate. Joint I 



T 



!3 



■& .o 

'0 
' o 



^ 



.1 






^^ 



T^'' iron rivets, "Burden's best.'^ 
Drilled holes, ^'.50 diameter. 

Square inches. 

Gro68 sectional area of under plate 2. 36 

Net sectional area of under plate 1.T7 

Bearing surface of rivets 1.06 

Shearing area of rivets 1,77 



Loads ap- 
pUed. 



Poundt, 
5,000 
10,000 
20,000 
80.000 
35,000 
40.000 
45,000 
50,000 
^000 
55,000 
60,000 
65,000 
78.900 



Elonsation in 
10 mohes. 



Inch, 
0. 

.0008 
.0025 
.0060 
.0008 
.0180 
.0170 
.0220 

".6335' 
.0508 



Permanent 
set. 



Inch. 



Remarks. 



.0125 



.j Joint opened perceptibly. 
. Joint open ".01. 

. Ultimate strenfftb. Sheared seven 
rivets, toro oat plate at two rivets. 



Fractures started about holes in upper plate in the row of five holes. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 31,314 

Tensile strain on net section of under plate 41,750 

Compressive strain on bearing surface of rivets 69, 710 

Sheading strain on rivets 41,750 
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BTo. 617,— J" Wrought Iron Plate. Plates K . 



T 



I 



jyacturtf^ 




T 



«l 



< X . X > 






t" iron rivets, "Burden's besf 
^unched holes : Punch, ^" diameter ; die, \^" diameter. 

Square inohes. 

Gross sectional area of ap]>er plate 2.71 

Net sectional area of npper plate 1.69 

Bearing surface of rivets 2.03 

Shearing area of rivets 2.96 



Loads ap- 
pUed. 


Elongation in 
10 hiohes. 

IneK, 
0. 


Permi^ent Kemark.. 


5,000 
10.000 

20,000 


IwHi, 


.0040 
.0115 


' Plates not straight: marked in 


riveting. 


90,000 .0220 
86,000 .0200 


Elongations include the straight- 


ening of the metaL 


5,000 




. 0150 j 


40,000 


.0900 


60, 000 . 0410 
60, 000 . 0500 
73, 300 . 0900 




j 


I 


76,900 i .12 
85, 500 - 22 


1 


Ultimate strength. 









Fractured npper pdiate across row of rivet holes, 
npper plate at end of lap. 



Started fractures in 



Maximum loads on joint, 

Ponnds per sq. inch. 

Tensile strain on gross section of upper plate 31,^50 

Tensile strain on net section of upper plate 50,592 

Compressive strain on bearing suruice of rivets 42, 118 

Shearing strain on rivets 28,691 
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No. 618.— J" Ikon Plate. Plates K • • 
Duplicate of K • 



4 










i" iron rivets, "Burden's best." 

Punched holes : Punch, -f^^' diameter; die, H'' diameter. 

SquAre inohes. 

Gross sectional area of under plate 2.73 

Net sectional area of nnder plate 1.71 

Bearing surface of rivets 2.05 

Shearing area of rivets 2.98 



Loads ap- 
pUed. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundt, 
fi.000 
10,000 
20,000 
30,000 
86,000 
5,000 
40,000 
45,000 
60,000 
6,000 
66,000 
60.000 
86,000 
70,000 
75.000 
80,000 
86.000 
86.400 


Inch. 
0. 

.0009 
.0030 
.0066 
.0088 


Inch, 


Ultimate strength. 










.0020 


. 0110 
.0145 
.0190 






.0096 


.0228 

.0280 

.0360 

.06 

.10 

.14 

.19 





















Fractured under plate across line of rivet holes. 

Maximum loads on Joint 

Pounds per sq. inch. 

Tensile strain on gross section of nnder plate 31,282 

Tensile strain on net section of nnder plate 49,950 

Compressive strain on bearing snrfaceof rivets 41,660 

^hearing strain on rivets 28,660 
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SINGLE-EIVETED BUTT JOINTS, i'' IRON PLATE. 

No. 615.— J" Iron Plate Butt Joints. Plates L . 



■or.xir> 




T 



1 



< al^- 



^M^ 



10. >■ 

%" iron rivets, " Burden's best." 

Punched holes : Punch, -f^" diameter ; die, %*' diameter. 

Square inohes 

Gross sectional area of plate 2. 53 

Net sectional area of plate 1. 41 

Bearing surface of rivets 1.12 

Shearing area of rivets 4. 45 



Loads ap- 
plied. 


Eloncation in 
10 mohes. 


Permanent 
Bet. 


Bemarka. 


Pimndt. 
10, 000 
15,000 
20,000 
25,000 
30.000 
85,000 
10,000 
40,000 
45,000 
50,000 
55,000 
60,000 
10,000 
70,000 
75,000 
75,400 


Inch. 

0. 

.0010 
.0021 
.0035 
.0045 
.0055 


Inch. 


Ultimate strength. 












.0002 


.0075 
.0110 
.0130 
.0160 
.0190 










.0110 


.10 
.16 











Fractured plate across line of rivet holes. 

Mcucimum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross sectional area of plate ^9, 800 

Tensile strain on net sectional area of plate 53,475 

Compressive strain on bearing surface of rivets 67, 321 

Shearing strain on rivet* 16,944 
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No. 616. — t" Iron Plate Butt Joint. Plates L • . 
Duplicate of L , 



</.><j:; 



.1 

95 





10? 



\' iron rivets, " Burden's beat." 

Punched holes : Punch, H" diameter ; die, J" diameter. 

Sqnare inches. 

Gross sectional area of plate 2.G2 

Net sectional area of plate 1.46 

Bearing surface of rivets 1.16 

Shearing area of rivets 4.45 



Loads ap- Elongation in Pennanent 
plied. 10 inches. | set. 


Remarks. 


Townd*, 

5.000 

10,000 

20,000 

ao,ooo 

35,000 
6,000 
40,000 
42.000 
44,000 
40.000 
48,000 
50,000 
52,000 
54,000 
6«,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
74,400 


0. 

.0010 
.0028 
.0050 
.0060 


Iwih. 


Ultimate strength. 










.0009 


.0070 
.0075 
.0680 
.0085 
.0090 
.0098 
.01t)5 














.0111 
.0121 
.0182 
.0150 
.0168 
.0180 
.0200 
.0266 
♦.06 
.14 
















:.::::;::::::: 











* ABout".06. 

Fractured plate across line of rivet holes. 

Jfojninum loaA» on joint. 

• Pounds per sq. inch. 

Tensile strain on gross section of plate 558,397 

Tensile strain on net section of plate 50,959 

Compressive strain on bearing surface of rivets 64, 138 

Shearing strain on rivets 16, 719 
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SINGLE-RIVETED LAP JOINTS f IRON PLATE. 

No. 63.-^" Iron Plates, Joint A . 



} : 




^ 


^ / 




( ^ . 


■tl p 


1 


1 ( 


< 


^ 


"ip 


1 

5 


i 

fi 




1 


10 




i 


i 



X'Sff 



Vv^i'i. 



^^ 



\i" iron rivets, " Burden's best." 

Punched holes: Punch, '^753 diameter; die, '^774 diameter. 

Square inches. 

Gro8B sectional area of plate 3.76 

Net sectional area of plate. ^ 2.32 

Bearing snrface of rivets 1.44 

Shearing area of rivets (."76 diameter) 2.27 



Loads ap- 


1 
Elongation in 
10 fnohea. 


Permanent 

set 


Bemarkfl. 


Found*. 
6,000 
10,000 
20.000 
80,000 
85.000 
6,000 
40,000 
42,000 
44,000 
40.000 
48,000 
60,000 

62.000 
64,000 
66,000 
68,000 
60,000 
62.000 
64,000 
66.000 
68,000 
70,000 
72,000 
74,000 
80.000 
85.000 
86,900 


Jneh. 

0. 

.0005 
.0018 
.0048 
.0070 


Inch, 


Joint started Blightly. 

Joint open ".01. Scale starte on 
the Joint begins to open. 

Joint open ".02. 
Joint open ".03. 

Joint open ".04. 
Joint open ".05. 

Ultimate strength. Sheared riveU. 










.0040 


.0100 
.0112 
.0128 
.0145 
.0160 
.0192 

.0220 
.0248 
.0280 
.0820 
.0805 
.0458 
.0525 
.0588 
.0660 
.0740 
.0838 
.0938 
.1320 
.1810 















































Started fractures about rivet holes inside of center line of boles. 
Average elongation of holes, ^'.04. 
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Maximum loadM an joint, 

Foands per sq. tncb. 

Tensile etrain on gross section of plate 23, 1 10 

Tensile strain on net section of plate 37, 460 

Compressive strain on bearing surface of rivets 60, 340 

Shearing strain on rivets 38, 280 

No. 63. — I" lEON Plate. Joint A . . 



T 



% 




9 






^^ 



-|i" iron rivets, "Burden^s best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

SqoAro inches. 

Gross sectional area of plate 3. 81 

Net sectional area of plate 2. 35 

Bearing surface of rivets 1. 46 

Shearing area of rivets (".78 diameter) 2. 39 



Loads ap- 
pUecL 


Bloontloii in' 
10 bkohes. 


Poundt. 


1 
Ineh, 1 


5,000 


0. 


10,000 


.0005 


20,000 


.0012 


80,000 


.0039 1 


35,000 


.0006 


5,000 


1 


40,000 


.0090 1 


45.000 


. 0121 1 


50,000 


. 0170 


55,000 


.0240 


60,000 


.0889 ' 


05,000 


.0500 


70,000 


.0770 


76.000 


.1040 i 


80,000 


.1400 1 


84,000 


1 


j 

1 



Permanent 



Ineh, 



.0032 



Remarks. 



! Joint opened perceptibly. 
I Joint opened ''.01. 

Joint opened ".02. 
Joint opened ".04. 



Ultimate strength, 
the nnder plate. 



ITraotnred 



Fractures dull fibrous. Fractures started about the rivet holes in the 
upi>er plate. 

Maximum loads on joint. 

Ponnds per sq. inch. 

Tensile strain on gross section of plate 122,280 

Tensile strain on net section of plate 36, 130 

Compressive strain on bearing surface of rivets 58, 150 

Shearing strain on rivets 35,520 

S. Ex. 1 3 
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Ko. 64.— I" Iron Plate. Joint . 



X 




T" 



7 



' -^{ ^= , 

St" irou rivets, "Burden's best.'' 
rilled holes, ''.77 diameter. 

Square inohea. 

Gross sectional area of under plato 3.73 

Net sectional area of nnder plate 2.S9 

Bearing surface of rivets 1.44 

Shearing area of rivets (".77 diameter) 2.33 



Loads ap- 
plied. 



Founds. 

5.000 
10,000 
20.000 
30,000 
35,000 

5,000 
40,000 
45, OOU 
50,000 

S.OOO 
55.000 
00.000 
66,000 
70,000 
75,000 
87,450 



Eloneation in 
i lOinohea. , 



Inch. 
0. 
.00f>5 
.0012 
.0029 
.0043 



.0000 
.0142 
.0182 



.0588 
.0798 
.1080 



Permanent 



IneK 



.0015 



.0118 



Eemarka. 



Joint opened slightly. 



Joint < . 

Joint open ' 

i Joint open ' 



.01. 
.03. 
.04. 



Ultimate strength. ShearedriT«ts. 



^ Maximum loads on Joint. 

Pounds par aq. inoh. 

Tensile strain on gross section of plate 83,446 

Tensile strain on net section of plate 38,190 

Compressive strain on bearing surface of rivets 60,730 

Shearing strain on rivets 37,530 
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No. 66.— I" Iron Plate. Joint C . 



T 






T 






;0 
iO 

:10 



•*; 



o 
o 



\^' iron rivets, "Burden's besf 
Drilled holes, ".77 diameter. 

Sqoftre inchoA. 

Qto88 sectional area of UDder plate 3. 78 

Net aectioDal area of aoder plate 2.32 

Bearing surface of rivets 1. 46 

Shearing area of rivets 2.33 



Loads ap- 
plied. 



6,000 
10.000 
20,000 
30,000 
85,000 

5,000 
40.000 
46.000 
50.000 

6,000 
55,000 
60,000 
05.000 
70,000 
75,000 
84,000 



Blongation in Permanent 
, 10 inchen. 1 set. 



Remarks. 



1 Intik. 

i 0. 


JimA. 


' .0010 




i .0028 




1 .0082 




.0092 






.0040 


.0120 




.0160 




.0230 






.0180 


.0328 
.0496 




1 .0680 




i .0940 




1 .1260 





1 




i 





' Joint opened perceptibly. 

Joint open ".01. 

' Joint open ".02. 

Joint open ".04. 

I Joint open ".05. 



Intimate strength, 
ets. 



Sheared riv. 



I 



Average elongation of drilled holes, ''.05. 

MaaxtMk'm loadi anjainU 

Pounds per sq. inch. 

Tensile strain on gross section of plate 22, 220 

Tensile strain on net section of plate 36,210 

Compressive strain on bearing surface of rivets 57,530 

Shearing strain on rivets 36, 050 
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No. 66.-1" Iron Plate. Joint D . 



T 



.1 




J 



*1 



^ a"* ft -w 



W' iron rivets, "Burden's best." 

Punched holes: Punch, ".763 diameter; die, ".774 diameter. 

Square inches 

Gross sectional area of upper plate 3. 95 

Net sectional area of upper plate 2. 23 

Bearing surface of rivets .' 1.72 

Shearing area of rivets 2.72 



Loads ap- 
plied. 



5,000 
10.000 
20,000 
30,000 
85,000 

5,000 
40,000 
45,000 
50,000 

5.000 
55.000 
<K>,000 
66,000 
70,000 
75,000 
80,000 
85,000 
93,100 



Elongation ini Permanent 
10 mcbea. set. 



Bemarks. 



Inch. 

0. 

.0005 
.0018 
.0040 
.0060 



Inch. 



.0082 
.0110 
.0150 



.0022 



.0202 
.0250 



.0460 



.0860 
.1000 



.0080 



I Joint opened perceptibly. 

Joint open ''. 01. 
Joint open ". 02. 
Joint open ". 08. 
Joint open ". 05. 



Ultimate 
plate. 



atrength. I'rsotnred 



Maximum loadM on Joint, 

Ponnda per aq. Inoh. 

Tensile strain on gross area of plate . . *. 23, 570 

Tensile strain on net area of plate 41, 750 

Compressive strain on bearing surface of rivets 54, 130 

Shearing strain on rivets 
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T 




J 

^ 



r^ 



<^fiv 



\i" iron rivets, "Burden's besf 

Punched holes: Punch, ''.753 diameter; die, ".774 diameter. 

NoTB. — Before the test incipient fractures were observed at the side of the plates in 
the center Hue of the rivet holes, probably caused by the machine reveting. 

Square inches. 

Gross sectional area of upper p1at« 3. 99 

Ket sectional area of upi^er plate ^ 2. 25 

Bearing surface of rivets 1. 74 

Shearing area of rivets (".76 diameter) 2. 72 



LoadB ap- 



Poundi. 

5.090 
10.000 
20.000 
30.00« 
85.000 

5,000 
40.000 
45,000 
50,000 

5,000 
55,000 
80,000 
65,000 
70,000 
75,000 
80,000 
92.iM)0 



Elongation in Permanent 
10 inches. set. 



Remarks. 



Inch. 
0. 

.0008 
.0028 
.0055 
.0078 



Inch. 



.0025 



.0108 




.0140 




.0180 




.0285'"" 

. 0320 


.0080 


.0430 




.0585 
.0745 





.1180 













Joint opened perceptibly. 
Joint open ".OL 
Joint open ''.02. 
Joint open ".(KL 



Ultimate strength, 
npper plate. 



FraotuTed i 



I 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 23, 280 

Tensile strain on net section of plate 41,290 

Compressive strain on bearing surface of rivets 53, 400 

Sheading strain on rivets 34, 150 
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38 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 721.— I" Iron Plate. S^st K . . 

Duplicate of K • No. 720. 

Upper plate, 10".32 x ".395. 

Under plate., 10".32 x ".395. 

1" iron rivete, hand-driven. 

Punched holes: Punch, l^V diameter; die, l^^/' diameter. 

Square Inohes 

Gross sectional area of under plate t 4.08 

Net sectional area of under plate 1. 88 

Bearing surface of rivets 2.19 

Shearing area of rivets 4. 43 

I Loads ap- 'Elongation in. Permanent i ■» t, 

pUed. j 10 inches. set. Kemarka. ^ 



Pound*. 


Inch. 


5,000 


0. 


10, 000 


.0015 


20,000 


.0040 


30, 000 


.0080 


35,000 


.0098 


40, 000 


. 0125 


45, 000 


. 0155 


50, 000 i 


.0200 


55, 000 


.0240 


«0,000 


.0290 


65,000 ' 


.0350 


70, 000 


.0455 


75, 000 1 


.0560 


80,000 


.0670 


90, 000 1 


.10 


00, 000 


.15 


110, 000 


.21 



Inch. 



Ultiniate strength. 



Fractured uuder plate across line of rivet holes. 
Maximum had9 on joint. 



Broke suddenly. 



roonda per sq. inoh. 

Tensile strain on gross section of under plate 26, 960 

Tensile strain on net section of under plate 58, 510 

Compressive strain on beancg surface of rivets 50, 220 

Shearing strain on rivets 24, 830 

No. 720.— I" Iron Plate. Set K . 

■ -f - - - - 



.1 

X 

5i 



'/^ 




,? 



fi 



^> 



1" iron rivets, hand-driven. 

Punched holes: Punch, l-j^^" diameter; die, Ig^" diameter. 
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Square inoheii 

Gtom sectional area of under plate 4. 07 

Netaeotional area of under plate ./. . 1.88 

Bearing surface of riveta 2. 19 

Shearing area of rivete 4. 43 



' I ! 

Loads »p- EloDgaUonin Permanent 
plied. 10 inches. \ set. i 



Bemarks. 



Pottiub. 


Inch. 


6,000 


0. 


60,000 


.08 


60,000 


.05 


70,000 


.00 


80,000 


.07 


90,000 i 


.08 


100,000 , 


.12 


110.000 


.10 


Ufl^OOO 


.S5 



Inch. 



Ultimate strength. 



Joint failed suddenly, fractaring under plate across line of rivet holes. 

Maximum loadB en joint. 

Pounds per sq. inch. 

Tensile strain on gross section of ander plate 28, 500 

Tensile strain on net section of under plate 61,700 

Compressive strain on bearing surface of rivets 52, 970 

Shearing strain on rivets 26,180 

SINGLE-RIVETED LAP JOINTS WITH REINFOBCED WELT, f ERON PLATE. 

No. 244. — I'' Iron Plate. Joint J . 




< J. X JL > 



i" iron rivets, "Burden's best." 
Drilled holes, ".72 diameter. 
Welt, f " iron plate. 






:::3 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Square fnohee. 

GroBB soctioual aroa of upper plate 4. 63 

Net sectional area of upper plate through liue rivets B 2. 96 

Net sectional area of upper plate through line rivets A 3. 80 

Bearing surface of rivets, upper plate 2. 50 

Shearing area of rivets (9 rivets), single shear 3. 66 



LoadH ap- 
plied. 



Elongation in Permanent 
, 10 mches. | set. 



Remarka. 



Pounds. 

5,000 

10,000 

20,000 

30, 000 

35,000 

5.000 

40,000 

45,000 

50,000 

55,000 

60.000 

5, 000 

65,000 

70,000 

75.000 

80,000 

85, 000 

90.000 

05,000 

100,000 

5,000 

105,000 

110,000 

115, 000 

120,000 

125, 000 

130,000 

135. 000 

140, 000 

145,000 

147,700 



Inch. 
0. 
.0005 
.0018 



Inch. 



.0C40 


.6665 


.0050 
.0062 








.0088 




.0105 
.0120 


."6630"" 


.0150 






.0175 
. 0198 





. 0220 1 




.0240 ;. 




.0278 --- -- 


.0310 '. 

1 

.0400 


" '.'oi8i""' 


.05 1 


' .06 1 

.06 i 


1 .08 1 


.11 


1 .14 


1 .17 


1 .25 




1 j 





I Scale Btartedaroondoataide TOWS 
of rivets. 



Micrometer removed. 



Ultimate strength. Sheared nine 
rivets, rows A and B. 



<<Oooper lines" run from rivets in row A, at an angle of 53 degrees 
with direction of pull on the specimen. 
Elongation of holes, row A, ".08; row jB, ".08. 

Maximum load$ on joint. 

Pounds per aq. inch. 

Tensile strain on gross section of upper plate 31,900 

Tensile strain on net section of upper plate through line of rivet holes .&.... 49, 900 

Tensile strain on net section of upper plate through line of rivet holes A.,., 38, 870 

Compressive strain on hearing surface of rivets 59, 080 

Shearing strain on rivets (9 nvets) 40,360 
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Xo. 245. — I" Iron Plate. Joint J . . 



41 




^^M 



/So 

f iron rivets, '* Burden's best." 
Drilled holes, ".82 diameter. 
Welt, f " iron plate. 



~*-^'trxn tMit. 



Gross sectional area of umlwr plate 

Ket sectional aT«ta of under plate through line of rivet holes B . 
Net sectional area of nnder plate through line of rivet holes G . 

Bearing surface of nine riv^its (".82 diameter) 

Shearing area <»f nine rivets, Hingle shear .' 



Square inohes. 

4.69 

2.77 

3.74 

2.89 

4.75 



Loads ap- 
plied. 



Elongation in Permanent 
10 inchea. Bet. 



Remarks. 



Ffrtmdt. 

5.000 

10,000 

» 20,000 

80,000 

35.000 

5,000 

40,000 

50,000 

80.000 

5,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

5,000 

105,000 

110,000 

115,000 

120,000 

126,000 

180,000 

186,000 

140.000 

146,000 

183,700 



Ineit. 
0. 

.OOO.*! 
.0011 
.0025 

.mm 



Inch. 



.0030 
.0050 
.0070 



.0120 
.0150 
.0175 
.0195 
.0220 
.0245 
.0280 



.0310 

.0350 

.0435 

.0550 

.07 

.09 

.10 

.13 

.18 



.0005 



.0019 



.0165 



Joint opened perceptibly. 
Joint open ''.01. 



Joint open ".02. 
Miorometer remored. 

Joint open about ".04. 



Ultimate strength. Fractured 
lower plate through oatside line 
of rivet holes. 
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42 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Maximum loads on joint. 

Ponndt ^pr aq. inch. 

Tensile strain on gross section of nnder plate M, 900 

Tensile/ strain on net soctiou of under plate through line of rivets B 59, 100 

Tensile strain on net Meotion of under plate through line of rivets C 43, 770 

Compressive strain on bearing surface of rivets (9) 56, 640 

Shearing strain on nine rivets (single shear) 34, 460 




■si^.''. 



'4^ 
k. T^ 

•^•',7*- 



Pholograph Joint No. 24.^ 

No. 290.— {J " IhON Plate. Joint J J . 




%" iron rivi»ts, " Burden's best." 
Drilled holes, ".82 diameter. 

Square inohM. 

Gross sectional area of upper plat« 4. 51 

Net sectional area of upper plate through line of three rivet holes 3. 59 

Bearing surface of rivets . 2. 78 

Shearing area of rivets (single bhcar, 9 rivetw) 4. 75 
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Loads ap- 
pUed. 



Elongation In Permanent 
i 10 inohea. aet. 



Bemarka. 



Pounda. Inch. Inch. ' 

6,000 0. I 

10,000 .0002 , 

20,000 .0010 

30,000 .0020 

86.000 j .0030 ' 

6,000 .0006 

40.000 ! .0038 

50,000 ! .0068 ' 

60,000 I .0108 i 

70,000 I .0150 I 

80,000 .0190 

90,000 .0246 

100,000 ' .0318 I 

110,000 : .0430 

120,000 .07 I 

180,000 I .10 

140,000 I .16 

161,000 Ultimate atrengtb. 



Fractured upper plate through rivet holes line A. 
Fibrous fracture. 

Maximum loads on joint, 

Ponnda per aq. Inch. 

Tensile strain on gross section of upper plate 35, 700 

Tensile strain on net section of upper plate across row of three rivet holes. .. 44,840 

Compressive strain on bearing surface of rivets 57, 910 

Shearing strain on rivets (9 rivets, single shear) 33, 89^ 

• No. 297.— I" Iron Plate. Joint J J . . 



?^>^ 







T 






V* iron rivets, "Burden's best." 
Drilled holes, ".82 diameter. 

Square iaoheab 

Gross sectional area of upper plate 4. 45 

Net sectional area of upper plate through line of three rivet holes 3. 54 

Bearing surface of rivets 2.73 

Shearing area of rivets (single shear, 9 rivets) 4.75 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
plied. 



Pounda. 
5,00U 
10,000 
20,000 
30,000 
35,000 
5,000 
40, 000 
45,000 
50,000 
55,000 
60.000 
05,000 
70.000 
75,000 
80,000 
85,000 
90,000 
95,000 
100. 000 
110. 000 
120. 000 
130.000 
140,000 
151. 100 



Elonfcationin 
10 inches. 


Permanent 
set 

Inch. 


Inch. 
0. 


.0005 




.0018 





Bemarks. 



.0030 



.0045 
.0050 
.0060 
.0070 
.0090 
. 0115 
.0145 
.0180 



.0268 

.0292 

.0340 

.0470 

.08 

.11 

.17 



.0005 



Ultimate strength. 



Fractured upper plate through outside row of rivet holes. 
Fibrous fracture. 



2\faximuni load$ on joint. 

Pounds per sq. inch 

TensUe strain on gross section of upper plate 33,960 

Tensile strain on net section of upper plate through row of three rivet holes. . 42, 680 

Compressive strain on bearing sanace of rivets &5, 350 

Shearing strain on rivets 31, 810 

DOUBLE-RIVETED LAP JOINTS f ' IRON PLATE. 

No. 68.— I" Iron Plate. Joint F . 



T" 







r'^Vr^"^^ 



.^ 



\^" iron rivets, "Burden^s best." 

Punched holes: Punch, ''.763 diameter; die, ".774 diameter. 
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Square inobea. 

Grofls sectional area of upper plate 3. 75 

Met sectional area of upper plate 2. 32 

Bearing aarface of rivets 2. 87 

Shearing area of rivets (".76 diameter) 4. 54 



Loada ap- 


Elongation in 


plied. 


10 inchea. 


Founds. 


Inch. 


5,000 


0. 


10,000 


.0005 


20,000 


.0020 


80,000 


.0040 


35,000 


.0050 


5,000 




40.000 


.0068 


45,000 


.0080 


50,000 


.0100 


56,000 


.0125 


60,000 


.0155 


65.000 


. 0195 


70.000 


.0238 


5.000 




75,000 


.0285 


8U,000 


1 .0335 


85,000 


.0392 


00.000 


.0460 


05,000 


.0580 


112.400 


!••- 



Ineh. 



.0010 



.0140 



Bemarks. 



• Joint opened peroeptibly. 
Joint open ".01. 

, Joint open ".08. 
Joint open ".04. 

Joint open ".05. 

tJltimate strength. Fraotared 
upper plate. 



Maximum loads an joint 

Pounds per §q. inch. 

Tensile strain on gross area of plat« 29, 970 

Tensile strain on net section of plate 48, 460 

Compressive strain on bearing surface of rivets 39, 160 

Shearing strain on rivets 24,760 

No. 69.— I" IBON Plate. Joint F . . 



,1 




ii.>' 






__.^ 



-<^ 



^c^ 



--y 



^' iron rivets, " Barden's best." 

Punched holes: Punch, ^'.753 diameter ; die, '^774 diameter. 



Gross sectional area of upper plate 

Net sectional area of upper plate 

Bearing surface of rivets 

Shearing area of rivets (''.76 diameter) 



Square 



inches. 
3.79 
2.34 
2.ti9 
4.54 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- ' 
I pUed. 

! 

Foundt. 
I 5,00> 
I 10.000 
' 20,000 

30,000 

35,000 
5,000 

40,000 

45.000 

50,000 

65,000 

60,000 

«5,000 

70,000 
5,000 

75,000 

80.000 

85,t)00 

90.000 

03,000 
118,700 



Eloni^atloii inl PermaneDt 
10 mches. set. 



Inch. 
0. 

.0005 
.0020 
.0082 
.0045 



Inch. 



Remarks. 



.00.^8 
.0071 
.0082 
.0102 
.0125 
.0151 
.0182 



.0006 



.0070 



.0231 
.0280 
.0340 




.0400 




.0485 





I Joint opened perceptibly. 



Joint open '^01+. 

Joint open ".02. 

Joint open '^03. ! 

Ultimate strength. Fraotared | 
I npper plate. i 



Maximum loads on joint. 

Pounds per iq. inok. 

Tensile strain on gross area of plat« 31, 320 

Tensile strain on net area of plate 50, 730 

Compressive strain on bearing Hiirface of rivets 41,070 

Shearing strain on rivets 26, 150 




Photograph of fractured plate. Joint No. 69, showinK eccentricity of rivet heads; also showing aoale 
started off rivet heads caused by the bending of tiie Joint plates. 

No. 5S. — j}" Iron and Stebl Plate. Joint F • • , 



X 



iOQ 
-:o6 

fob 

t I 

;oo 
ioo 



•^ 
•§ 






M 



^■^H^ 



H" iron rivets, ** Burden's best." 

Punched holes: Punch, '^753 diameter; die, '^774 diameter. 
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SqiiAre inotaM. 

QrosB sectional area of iron plate 3.71 

NetsectioDal area of iron plate 2.89 

Bearing sarface of rivets 2. 83 

Shearing area of rivets (".76 diameter) 4. 54 



Loftdt ftp- 
plied. 


Elongation in 
10 inches. 


Permanent 
■et. 


PoundB. 

6.000 
10,000 
20,000 
80,000 
40,000 
45,000 
50,000 

5,000 
55,000 
60.000 
65,000 
70,000 

5,000 
75,000 
80.000 
86,000 
90,000 

5,000 
95 000 


Ineh. 
0. 

.0010 
.0025 
.0042 
.0070 
.0081 
.0100 


Inch, 












.0038 


.0*120 
.0140 
.0162 
.0192 






.0090 


.0288 
1 .0280 

.0329 

.0378 
1 








.0258 


.0435 
.0508 
.0608 
.0768 


1 100,000 
105, 000 
110,000 
116. 000 











Bernvkt. 



Joint opened peroeptiblj. 
Joint open ".01. 
Joint open ".02. 
Joint open ".OS. 



Joint open ".04. 
Joint open ".05. 



Xniimate strength. 



Fractured lower plate across line of rivet holes. Fibroas fractures, 
metal slightly drawn down. 
Note. — ^Thruugb miHtake an iron and a steel plate were riveted together. 

Maximum loada on Joint, 

Poonda per eq. inch. 

Tenmle strain on gross section of iron jplate 31, 000 

Tensile strain on net section of iron plate 60, 220 

Compressive strain on bearing surface of rivets 40, 640 

Shearing strain on rivets .' 25,330 

No. 70.— f' Ibon Plate. Joint G • 



.1 




X 

.1 



iLi»S^ ^1^^^ ^rae 



\i" iron rivets, " Burden's best.'' 

Punched holes: Punch, ^'.753 diameter; die, '^774 diameter. 



Digitized by VjOOQIC 



48 



TESTS OF IRON AND STEEL AND OTHEB MATERIALS. 



Sqaare bu^e*. 

Gross sectional area of upper plate 3. 94 

Net sectional area of upper plate 2. 43 

Bearing surface of rivets 2. 71 

Shearing area of rivets (".76 diameter) 4.08 



I LoadH ap- 
' plied. 



Blougfttion in Permanent 
10 Inches. 8<'t. 



Remarks. 



Poitndt. 

6,000 

10, 000 

20, 000 

30,000 

36,000 

6,000 

40.000 

46.000 

60,000 

56,000 

60,000 

66. 000 

70, 000 

76,000 

6.000 

80. 000 

85,000 

00, 000 

96, 000 

100.000 

112,400 



Inch. 
0. 

.0005 
.0020 
.0038 
.0048 

.0068" 
.0079 
.0095 
.0120 
.0145 
.0178 
. 0210 
.0258 

".'0366 
.0348 
.0410 
.0488 
.0630 



Inch. 



.0910 



.0141 



Joint opened perceptibly. 
Joint open ".01. 



Joint open ".02. 
Joint open ".08. 
Joint open ".04. 



.j nitimat« strength. Fractured np- 
j per plat** tbroa£h row of five 
I rivet holes. < 



Fractured plate shows imperfect welds in rolling. 

Maximum loads an Joint, 



Tensile strain on gross section of plate 

Tensile strain on net section of plate 

Comprpssive strain on bearing surface of rivets . . 
Shearing strain o-i rivets 



Pounds per sq. inch. 

28,530 

46,255 

41,480 

27,550 



No. 71.— I" Iron Plate. Joint G . • 






I 



o 



T 







}i" iron rivets, ''Burden^s best." 

Punched holes: Punch, '^753 diameter; die, '^774 diameter. 
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Square inches. 

Otosb sectional area of under plate 3. 87 

Net sectional area of under plate 2.39 

Bearing sarface of rivets 2. 67 

Shearing area of rivets ('^76 diameter) 4.08 



LoRcls ap- 
plied. 


Elongation in 
10 inches. 

InOL 
0. 

.0005 
.0020 
.0040 
.0050 

."ooos"'" 

.0080 
.0105 
.0130 
.0160 
.0198 
.0240 
.0290 
.0848 
.0809 
.0468 
.0555 
.0680 


Permanent 
set. 

Inch. 


Bemarks. 


Poundi. 
6,000 
10,000 
20,000 
30,000 
35,000 
5.000 
40,000 
45,000 
60,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 
100.000 
110,200 


Joint opened peroeptibly. 
Joint open ".OL 
Joint open ".02. 
Joint open ".03. 
Joint open ".04. 










.0005 






















1 








j 




intimate strength. Fractured the 
under plate through line of four 1 
riTOtholea. | 







Maximum loads on joint. 

Founds per sq. inoh. 

Tensile strain on gross section of plate 28,475 

Tensile strain on net section of plate 46,110 

Compressive strain on bearing surface of rivets 41.270 

Bhearing strain on rivets 27,010 

Ko. 81.— I'' Ikon Plate. Joint I . 



I 



I 



P 

Ho 
lo 



o 
o 
o 
o 



-r\- 



I 



iJ^^duf'^.^ 



Dri 



'' iron rivets, "Burden's best." 



rilled holes, ''.75 diameter. 
8. Ex. 1- 
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TESTS OP IBON Ain> STEEL AND OTHER BfATEBIALS. 



Square Inohea. 

Gross sectional area of upper plate 5.09 

Net sectional area of upper plate 3.91 

Bearing surface of rivets. 2.06 

Shearing area of rivets ('^ 75 diameter) 3.09 



Loads ap- 
plied. 

Poundt. 

5.000 
10.000 
20,000 
30.000 
40.000 
60,000 
55,000 
60,000 
65,000 

5,000 
70,000 
75 000 


Elongatioii in 
10 inobee. 


Permanent 
set. 


Bemarks. 


Inch. 
0. 

0. 

.0002 
.0009 
.0020 
.0050 
.0070 
.0098 
.0120 


Inch. 


Joint open ".01+ 
Joint open ".08. 
Joint open ".06w 


















.0050 


.0150 
OlfiO 




80, OOO 1 . 0250 




85, OOO i . 0362 




90, 000 ! . 0456 




95, 000 ' . 0580 





100, 000 1 . 0708 




105, 000 . 0860 






110, 000 . 1089 




• 
UltimatestrengUi. Shearediiveto. 


115,000 .laso 




120.900 











Average elongation of holes, ''.04. 

Maximum loads on Joint. 

Poonds per aq. inch. 

Tensile strain on gross section of plate 83,750 

Tensile strain on net section of plate 30, 980 

Compressive strain on bearing surface of rivets 58, 700 

Shearing strain on rivets 39,130 

No. 82.— I" lEON Plate. Joint I . . 

Same style of joint as No. 81. 
Upper plate, 12^.97 x ".396. 
Under plate, 12''.97 x ''.395. 
\i'* iron rivets, " Burden's besf 
Drilled holes, ''.75 diameter. 

Sqoace inohea. 

Gross sectional area of plate 5.18 

Net sectional area of plate 3.94 

Bearing surface of rivets 8.07 

Shearing area of rivets (".75 diameter) 3.09 
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LoadBftp- 
pUed. 


Elongation in 
10 inches. 

Inch. 
0. 

.0002 
.0012 
.0028 
.0050 
.0120 
.0140 
.0170 
.0210 

'" .0255 

.0300 
.0400 
.0.516 
.0608 
.0750 
.0800 
.1080 


Permanent 

Mt. 


Remarka. 


Ptmndn. 

5.000 

10.U00 

20; 000 

30.000 

40.000 

50.000 

56,000 

60.000 

65.000 

5.000 

70.000 

75,000 

80,000 

85.000 

90.000 

95.000 

100.000 

105,000 

118,700 


InOL 


Joint opened ''.01. 

Joint opened ''.02. 
Joint opened ".04. 
Joint opened ".06. 

Ultimate itrength. Sheared riv- 
eta. 



















.0145 

























Average elongation of rivet holes, '^06. 

Maximum loada an joint. 

Ponnda per aq. iaoh. 

Tensile strain on gross section of plate S3, 180 

Tensile strain on net. section of plate 30,190 ,^. 

Compressiye strain on bearing suzface of rivets 67,349^^^' 

Shearing strain on rivets 38,^ 



SINGLE AND DOUBLE RIVETED LAP JOINTS, f. IBON PLATE. 

No. 240. — J'' Ibon Plate. Joint A . 







<l1k5Xl3«> 



< M^ > 




JShape ^ 



%" iron rivets, "Burden's best.^ 

Punched holes: Punch, ^" diameter; die, ff'^ diameter. 
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TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



Sqnuei 

Qto88 sectional area of npper plate 5.095 

Net sectional area of upper plate 8.91 

Bearing surface of rivets 2. 18 

Shearing area of rivets (".82 diameter) 2.64 



Loads ap- 
plied. 



Pounds. 

5,000 
10, 000 
20. 000 
30,000 
36,000 

5,000 
40,000 
45,000 
50,000 

5,000 
55,000 
00,000 
65,000 
70, 000 

5.000 
10,000 
20,000 
30,000 
40,000 
50.000 

5.000 
10, 000 
20,000 
30,000 
40,000 
50,000 
70,000 
76, 000 
80,000 

5.000 
10,000 
20,000 
30,000 
40,000 
50,000 
85.000 
90.000 
00,500 



Elonetktion in 
10 incheB. 

Inch. 
0. 

.0008 
.0020 
.0042 
.00(18 


Permaneiit 
set. 

. . 

Ineh, 











.0025 


ill 









.0085 


.0199 




.0230 




.0298 




.0418 






.0265 


.0280 


.0308 




.0330 






"BsmtakM. 



Joint opoDod peneptibly. 



Joint open ".01. 
Joint open ".01|. 



.0358. 
.0380 



.0268 



.0308 
.0330 
.0358 
.0380 
.0428 
.0548 
.0718 



.0560 

.0588 

.0610 

.0638 

.0668 

.10 

.15 



.0540 



Micrometer remoTed. 
Joint open ".04. 

I Ultimate strength. 



Fractured top plate, the line of the fracture following about '^08back 
of center line of rivet holes. 

The plate that fractured had the die side in contact with lower plate. 

Metal fibrous, except around the punched holes, which was granular; 
on the punch Bide of the plate little or no granulation was found, but 
on the die side the ring of granular metal reached the maximum amount 
of 4s'' thickness. 

Along the calked edge granular metal was found. At 50,000 pounds 
tension snapping sounds were heard, which were repeated occasionally 
till fracture took place. These sounds were attributed to the supposed 
giving way of the granular metal about the rivet holes, from time to 
time, as the plates bent at the joint. 

Fractures were started about the holes in the under plate. 

Maximum loads on joint 

Founds per sq. InelL 

Tensile strain on gross section of plate 17,700 

Tensile strain on net section of plate 31,100 

Compressive strain on bearing surface of rivets 41, 500 

Shearing strain on rivets 34,380 
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5 



; i: 




.1 



< X . > 









y* iron rivets, "Burden's best.'* 

Fnnched holes: Panch, {i" diameter; die, f|" diameter. 

Square iBolMt. 

QroM aeotioDal area of upper plate 5.14 

Net sectional area of upper plate 2.94 

Bearing surface of rivets 2.20 

Shearing area of rivets (''.82 diameter) 2.64 



Loads ap' 
plied. 



Pound*. 
6.000 
10,000 

ao.ooo 

80,000 
2».000 

6,000 
10,000 
20,000 
80.000 
35,000 

6,000 
10.000 
20.000 
30.000 
86.000 
40.000 
46,000 
60.000 

6.000 
10.000 
20,000 
80,000 
40.000 
60,000 
65,000 

8o,oao 

05,000 
70,000 
76,000 
80,000 
86.000 
90,000 
82,800 

70.000 



EloDcation in 
10 (nchea. 



IfUSh. 

0. 

.0006 
.0020 
.0038 
.0062 



Pernaaent 
set 



Semarka. 



Inch. 



.0021 
.0036 



.0066 



.0022 
.0038 
.0040 
.0068 
.0085 
.0121 
.0156 

.0086* 

.0100 

.0112 

.0132 

.0160 

.0100 

.0221 

.0268 

.0370 

.0500 

.07 

.09 

.18 



.0019 



.0019 



.0080 



I 



Joint opened perceptiblj. 
Joint opened ".01. 
Miorometer removed. 



Ultimate strength. Fractured 



upper plate. 
Loadaf ' 



at time of fracture. 



Fractured in the same manner as A 
anoe of fractures. 



Same description of appear* 
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Maximum load* an johtU 

Tensile strain on grow Hection of plate 17,<i90 

Tensile strain on net section of plate 31,395 

Compressive Htrainon bearing sorface of rivets 41,955 

Shearing strain on rivets 34,960 

No. 292. — i" Iron Plate. Joiwt A A . 



T 






•1 



;0 

:0 



■?■ 



;o 
_1q 












1^' iron rivets, "Burden's besf 
Drilled holes, ''.81 diameter. 

Sqvsn inohsa. 

Gross sectional area of lower plate 5.08 

Net sectional area of lower plate 3.03 

Bearing surface of rivets 8.05 

iShearing area of rivets (".81 diameter) 8.66 



Loads ap- 


BloDeation Id 
10 inches. 


plied. 


Pounds. 


Inch. 


6.000 


0. 


10,000 


.0002 


20,000 


.0008 


30,000 


.0022 


85.000 


.0032 


6,000 




40,000 


.0085 


♦5,000 


.0108 


60,000 


.0148 


6.000 




66.000 


.0190 


00,000 


.0222 


05,000 


.0280 


70,000 


.0405 


75,000 


.0570 


80,000 


.0760 


86,000 


.10 


90.000 


.18 


05,000 


.10 


08,100 


.19 



Permanent 

set. 



Inch, 



Remarks. 



.0085 



Joint opened perceptibly. 

Joint opened ".01. 
Joint open ".02. 
Joint open ".06. 



Ultimate strength. Sheared i 
ets. 



Average elongation of rivet holes, '^09. 
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Maximum Uxids on Joint 

Pounds per so. inch. 

Tensile strain on gross section of under plate 19,130 

Tensile strain on net section of nnder plate 32,376 

Compressive strain on bearing surface of rivets 47,850 

Shearing strain on rivets 38,020 

No. 293.— i" Iron Plate. Joint A A • • 

Same style of joint as No. 292. 
Upper plate, 10".03 x ".510. 
Under plate, 10''.03x''.610. 
I'' iron rivets, " Burden's besf 
Drilled holes, ".81 diameter. 

Sqasn inohes. 

Gross sectional area of plate 5. 12 

Net sectional area of plate 3.06 

Bearing surface of rivets 2.07 

Shearing area of rivets 2.58 



plted/ 


Blongation in 
10 &oheB. 


Permanent 
set. 


Xemarks. 


Pounds, 

6,000 

10,000 

20,000 

25.000 

80,000 

85,000 

6,000 

40,000 

46,000 

60.000 

80,000 

70,000 

80.000 

90,000 

100,000 

101,200 


Inch, 

0. 

.0006 
.0019 
.0028 
.0038 
.0000 


Inch, 


















i 
mttanate strength. Sheared rivets. 




.0022 


.0092 

.0180 

.0175 

.0275 

.0490 

.0800 

.16 

.23 

.24 










....^.. ........ 







Maximum loads on Joint, 



Tensile strain on gross section of plate 

Tensile strain on net section of plate 

Compressive strain on bearing surface of rivets. 
Shearing strain on rivets 



Ponnds per sq. inch. 

19,765 

33,180 

48,890 

39,220 



No. 327.— i'' Weought-ibon Platb. Joint AAA 



T 







T 






L 






f '' steel rivets ; if drilled holes. 
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TESTS OF IRON AND STEEL ANP OTHER MATERIALS. 



Sqaam Inohes. 

Gross sectional area of upper plate 5. 11 

Net sectional area of upper plate 3.04 

Bearing surface of rivets 2.06 

Shearing area of rivets (".81 diameter) 1^68 

Ultimate strength, 121,300 pounds. 

Sheared four rivets and tore out upper plate at one end rivet. 

Fractares started at rivet holes in upper plate. 

Average elongation of rivet holes in upper plate, 'M5. 

Average elongation of rivet holes in lower plate, 'M4. 

Maximum load$ onjoinU 

Poondi per sq. indk 

Tensile strain on gross section of upper plate 23,740 

Tensile strain on net section of upper plate 39, 900 

Compressive strain on bearing surface of rivets ^ 58,880 

Shearing strain on rivets 47,030 

No. 328. — i" Wrought Iron. Joint A A A « • 



T 






r 




T 






4^^^^ 

%" steel rivets ; \y drilled holes. 

Hqnazo InohM. 

Gross sectional areaof npper plate 5.10 

Net sectional area of upper plate 3.04 

Bearing surface of rivets 2.06 

Shearing area of rivets 2,58 

intimate strength, 123,400 poands. 

Fractured plates opposite three rivets in upper plate and opposite 
two rivets in under plate. 
Seam in npper plate if' wide. 

Maadmum loads on joint, 

* Ponnds per sq. inoh. 

Tensile strain on gross section of upper plate 24,200 

Tensile strain on net section of upper plate 40,590 

Compressive strain on bearing surface of rivets 59, 900 

Shearing strain on rivets -. 47,830 
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No. 329. — J" Wboxjoht-ieon Plate. Joint 



T 



J 




T 



,§ 



^ - r ^ 

Square inohea. 

Grofls sectional area of upper plate 5.10 

Net aeotional area of upper plate i{.P6 

Bearing surface of rivets 2.20 

Shearing area of rivets 5.1^ 



Loads ap- 
plied. 


Elongation in 
10 Inches. 

Inch, 
0. 

.0008 
.0015 
.0033 
.0042 


Permanent 

set. 


Bemarka. 


Pwndi. 

5,000 
10,000 
20,000 
30,000 
85,000 

5,000 
40,000 
60.000 

6,000 
66,000 
80,000 
05^000 
70,000 
76,000 
80,000 
85,000 
90.000 
95^000 
100,000 

6.000 
181,200 


Inch. 




















.0005 




.0065 
.0080 








.0018 




.0099 
.0116 
.0142 
.0170 
.0212 
.0250 
.0300 
.0348 
.0400 
.0470 








• 




























*0838" "* 






Ultimate strength. 







Vractored upper plate across line of rivet holes. 
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No. 635. — i" Iron Plate. Joint 




^m 



rtL 



< •tf.Jtf 



¥' iron rivets, "Burden's best." 

Fanched holes: Punch, \\" diameter; die, ^" diameter. 

Square ladMS. 

6tob8 sectional area of plate * 5.17 

Net sectional area of plate 2.97 

Bearing surface of rivets 2.20 

Shearing area of rivets 6.19 



Loads ap- 
plied. 



Pouinda. 
5,000 
10,000 
20,000 
30,000 
85,000 
6,000 
40,000 
50,000 
5,000 
66,000 
60,000 
55,000 
70.000 
75,000 
80.000 
85.000 
90,000 
95,000 

100,000 
6.000 

127,480 

115,000 



L 



jElonffation in, 
10 iDohea. i 



Permaneiit 
set 



Bemarks. 



Inch. 
0. 

.0009 
.0015 
.0082 
.0045 



Inch, 



.0055 
.0081 



.0100 
.0120 
.0141 
.0175 
.0230 
.0260 
.0812 
.0370 
.0435 
.0518 



.0005 
.6026* 



.0896 



nitlinato strenfftb. 
At time of firactare. 



Fractured upper plate across line of rivet holes. 

Maximum loads on Joint 

Pooada per iq. iaek. 

Tensile strain on gross section of plate 24, 660 

Tensile strain on net section of plate 42, 920 

Compressive strain on bearing surface of rivets 57,9S0 

Shearing strain on rivets 24,S60 
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SINGLE AND DOUBLE RIVETED LAP JOINTS, |" IRON PLATE. 

No. 730.— i'' Iron Plate. Set A . 



T 




T 



} 




1'' iron rivets, hand-driven. 

Punched holes: Panch, 1^" diameter; die, 1^^^' diameter. 

Square inflbea. 

Oro08 sectional area of upper plate 6.29 

Net sectioDal area of upper plate 3.63 

Bearing surface of rivets 2.66 

Shearing area of rivets 3.56 



Loads ap- 
plied. 


SloDf:ation in 
10 inches. 

IndL 
0. 


Pennanent 

set. 

Inch. 


Remarks. 


Pounds. 

5,000 

10,000 

20,000 


.0001 
.0009 
.0021 
.0038 
.0065 
.0080 
.0120 
.0148 
.0180 
.0240 
.0640 
.09 













80,000 
40,000 
50.000 
55,000 
60.000 
65.000 
70,000 
7^000 
80,000 
90,000 
95,000 
100,000 
110.000 
120,000 
12^900 

























mtimate strength. 










.18 
.19 
.27 














Fractared npper plate across three rivet holes; lower plate fractared 
across two rivet holes. 

Maximum loads anjoinU 

Pounds per sq. ineh. 

Tensile strain on gross section of upper plate 20,020 

Tensile strain on net section of upper plate 34,680 

Compressive strain on bearing surface of rivets 47, 510 

Shesolng strain on rivets 35,460 
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No. 731. — §'' Iron Plate. Set A • • 



T 



i 




T 



J 



,r^-^ "^^j.^ 



^{ 






' 1'' iron rivets, hand- driven. 
Punched holes: Punch, 1^'^ diameter; die, 1^' diameter. 

8qiiacei]iolit& 

Qross sectional area of under plate 6.88 

Net sectional area of under plite 3.681 

Bearing surface of rivets 8.66 

Shearing area of rivets 3.56 



Loads ap- 
pUed. 


EIoBffation in 
10 ioohM. 


Permanent 
•et. 


Remarks. 


Poundi. 
6,000 
10,000 


Ineh. 
0. 

.0002 
.0010 
.0021 
.0040 
.0055 
.0078 
.0105 
.0140 
.0180 
.0250 
.0520 
.0708 
.Ofi 


Inch, 


Ultimate strength. 




20,000 




80,000 




40,000 
45,000 
60,000 
66,000 
60,000 
05.000 
70.000 
76,000 
80.000 
90,000 






















100, 000 . 16 
110.000 .22 
120. 000 .20 








124,000 












Fractured under plate across line of rivet holes. 

Maximum loads on joint. 

Poonda per a<i. lach. 

Tensile strain on gross section of under plate 19,750 

Tensile strain on net section of under plate 34,830 

Compressive strain on bearing surface of rivets 46,790 

Shearing strain on rivets 34,930 
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T 



J 




J 



ji. 



<V * «'Tr>, X > 



ftStx 



J - 



V iron rivets, hand-driven. 

Punched holes: Punch, 1^" diameter; die, 1^'^ diameter. 

Square IsehM. 

GT068 sectional area of ander plate 6.48 

Net sectional area of under plate 3.74 

Bearing sarface of rivets 5.48 

Shearing area of rivets 7.09 



Loads ap- 
pUed. 



5,000 

10.000 

20,000 

80.000 

40,000 

50.000 

65,000 

00,000 

05,000 

70,000 

75,000 

80,000 

85,000 

90,000 

•5,000 

100,000 

105,000 

110. 000 

190,000 

140.000 

150,000 

180 000 

109,000 



EloDcatfonln 
10 mdiea. 



Ineh. 
0. 

.0002 
.0011 
.0025 
.0040 
.0000 
.0072 
.0091 
.0112 
.0135 
.0100 
.0190 
.0220 
.0251 
.0200 
.0320 
.0801 
.0405 
.08 
.10 
.14 
.17 



Permanent 



Inch. 



Remarks. 



Ultimate strengtli. 



Fractured under plate across line of rivet holes. 

Maxmum load* an Joint. 

Ponnds per sq. laek 

Tensile strain on gross section of under plate 25,150 

Tensile strain on net section of under plate 43,580 

Compressive strain on bearing surface of rivets ^,740 

Shearing strain on rivets 22,990 
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No. 733.— I" Iron Plate. Set C . . 

Same style of joint as No. 732. 

Upper plate, 10''.60x".613. 

Under plate, 10''.50x''.604. 

1'' iron rivets, hand-driven. 

Punched holes: Punch, l-jV" diameter; die, l-f^'* diameter. 

Square inohM. 

Gross BectioDal are« of under plate 6.34 

Net sectional area of und^ plate 3.66 

Bearing surface of rivets 5.36 

Shearing area of rivets 7.09 



pUed. 10 inches. 1 set 


Bemarks. 


Pounda. 
5,000 
10,000 
20,000 
80,000 
40,000 
50,000 
55,000 
60,000 
05,000 
70,000 


IneK 
0. 

.0006 
.0018 
.0030 
.0048 
.0075 
.0098 
.0113 
.0140 
.0168 
.0225 
.0296 
.0376 
.0470 
.06 
.07 
.08 
.10 
.14 


Inok, 


TTltiiiiftteBtreiiKtlL 




















80,000 
90,000 
100,000 
110,000 
120,000 
130,000 
140,000 
150,000 
160,000 
167,800 



























Fractured under plate across line of rivet holes. 

Maasimum loadi ^nJainL 

Poondi per eq. Inolv 

Tensile strain on gross section of under plate 26,470 

Tensile strain on net section of under plate 45,H50 

Compressive strain on bearing surface of rivets 31,310 

Shearing strain on riyets S3, 670 
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SINGLE AND DOUBLE RIVETED LAP JOINTS, f" IRON PLATE. 

No. 722.— I'' Iron Plate. Set A • 







T 



X 

,9 



:i n. 



J 



If iron rivets, hand-driven. 

Punched holes: Punch, l-ft^' diameter; die, 1^'' diameter. 

Sqiuure inobea. 

Oroos sectional area of under plate 8.38 

Ket sectional area of under plate ^ 4.93 

Bearing surface of rivets 3.44 

fibearing area of rivets 4.43 



LoadB ap- 
pUed. 


''irfiSil*" 


Permanent 
•et. 


Remarks. 


Poundi. 
6,000 
10,000 
20,000 
80,000 
40.000 
50,000 
«S.00O 
00,000 
66.000 
70,000 
75.000 
80.000 
86,000 
90,000 
100.000 
110.000 
120,000 
130,000 
140,000 
144.400 


Inch, 

a 

.0002 

.0010 

.0020 

.0032 

.0065 

.0088 

.0111 

.0141 

.0168 

.OlOflr 

.0230 

.0400 

.0480 

.07 

.10 

.14 

.19 

.29 


Inch, 


Joint opened perceptibly. 
Joint open ''.08. 

Ultimate itreagth. 













































Fractured the under plate across line of rivet holes. 

Maximum load$ onJoinU 

Poonds per aq. Ineb. 

Tensile strain on gross section of nnder plate 17,230 

Tensile strain on net section of nnder plate 29,^90 

Conipressive strain on bearing surface of rivets 41,980 

Shearing strain on rivets 32,600 
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No. 723.— I'' Iron plate. Set A . • 

Duplicate of A . No. 722. 

Upper plate, 12".02x''.699. 

Under plate, 12''.02x".697. 

1^'' iron rivets, haDddriven. 

Punched holes: Punch, 1^" diameter; die, 1^^'' diameter. 

SqiiAre iaolMi. 

Gross sectional area of nnder plate 8.38 

Net sectional area of ander plate 4. 93 

Bearing surface of rivets 8.44 

Shearing area of rivets .■ 4. 4S 



Loads ap. 
plied. 

Poundi. 

6,000 

10.000 

20,000 


BioBgation in 
10 inches. 

Inch, 
' 0. 

.0002 
.0008 
.0012 
.0021 
.0028 
.0041 
.0061 
.0085 
.0120 
.0148 


Permanent ,j^„^ 


Itwh. 












80,000 






40,000 

45,000 

SO.UOO 

65.000 

60,000 

85,000 

70.000 

75.000 

80.000 

85.000 

90,000 

95,000 

100. 000 

110. 000 

120.000 

125,000 

130,000 

140.000 

150,000 

151.500 


















' 












.0183 

.0210 

.0271 

.0370 

.0500 

.062 

.07 

.08 






































.16 
.21 
.33 















Ultimate strength. 




_ - . 



Fractured the under plate across line of rivet holes. 

Snapping sounds heard at intervals after load on joint reached 125,000 

pounds. 

Maximum loads on joint. 

Pofonds per sq. fnoh. 

Tensile strain on gross section of under plate 18,080 

Tensile strain on net section of nnder plate 1-. 30,730 

Compressive strain on bearing surface of rivets 44,040 

Shearing strain on rivets 34,300 
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No. 724.— I'' Iron Plate. Set . 







€M> 



ly iron rivets, hand-driven. 

Punched holes: Punch, l^y diameter; die, 1^" diameter. 

Square Inohes. 

Grofls Beotional area of ander plate 8.41 

Net sectiODal area of under plate 4.95 

Bearing surface of rivets 6.92 

Shearing area of rivets 8.86 



Loads ap* 
plted. 


Elongation in 
10 inches. 


Permanent 
■et. 


Bemarka. 


PoumZf. 

5.000 

10,000 

20,000 

80,000 

40.000 

60,000 

60,000 

70,000 

80,000 

85,000 

90,000 

05,000 

100,000 

106.000 

110.000 

lao.ooo 

180.000 
140,000 
150,000 
162,000 
170,000 
180,000 
200,000 
207,900 


0. 

.0002 
.0009 
.0018 
.0030 
.0046 
.0068 
.0098 
.0145 
.0160 
.0190 
.0280 
.0256 
.0289 
.0820 

:r 

.06 
.00 
.07 
.10 
.18 
.28 


Jnoft. 


Sharp sni^pping eounda heard. 
Joint open ".02. 

Ultimate slsrength. 





















































Fractured under plate across line of rivet holes. 
After test upper plate found bent to an angle of 10^. 
S. Ex. 1 5 
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Jliaximuwioade an joint 

Poanda per sq. Inoh. 

Tensile strain on gross section of under plate 24,720 

Tensile strain on net section of under pla1« 42, 000 

Compressive strain on bearing surface of rivets 30,040 

Sliearing strain on rivets 23,460 

No. 725.— J^' Iron Plate. Set . . 

Duplicate of • No. 724. 

Upper plate, 12" x ".393. 

Under plate, 12" X ".681. 

H" iron rivets, hand-driven. 

Panched holes: Punch, "l^V diameter; die, "1^- diameter. 

Square inchM. 

Gross sectional area of uuder plate 8.17 

Net sectional area of under plate ; 4.81 

Bearing surface of rivets 6,72 

Sliearing area of rivets 8.86 



Loads ap- 
plied. 


EloDgatioDin 
10 hiches. 


Permaxient 
Bet. 


Bemarks. 


Pouncb. 
6,000 
10,00j 
20,000 
80,000 
40,000 
50,000 
60,000 
70, 000 
80,000 
90,000 
95.000 
100 000 
105,000 
110,000 
120,000 
130, 000 
140.000 
150,000 
160,000 
170, (KM) 
180,000 
190,000 
200.000 
210, 000 
211,400 


Inch. 
0. 

.0001 
.0008 
.0012 
.0020 
.0030 
.0050 
.0068 
.0092 
.0185 
.0160 
.01»6 
.0210 
.0240 
.0308 
.0380 
.0465 
.0576 
.07 
.00 
.11 
.15 
.18 
.22 


Inch. 


Soapplns soaiids heanl. 
Ultimate •trength. 















































c. 







Fractured under plate across line of rivet holes. 

Maximum loads on joint. 

Pounds per sq inch. 

Tensile strain on gross section of nnderplate 25,870 

Tensile strain on net section of under plate 43,950 

Compressive strain on bearing surface of rivets 31,460 

Shearing strain on rivets 23,860 
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SINGLE-RIVETED LAP JOINTS, i" STEEL PLATE. 

No. 426. — \" Steel Plate. Joint A • 



1 







A 



'rs^^^^fo* 



r^ 






I'' iron rivets, "Burden's best,'' machiuedriven. 

Punched holes: Punch, '^695 diameter; die, '^752 diameter. 

Square 

Gross sectional area of upper plate 

Net sectional area of npper plate 

Bearing surface of riyets 

Shearing area of rivets ('.70 diameter) 



inches 
2.45 
L57 



Loads ap- 
pUed. 


Elongation bi 
10 Inches. 


Permanent 

' set. 


Bemarks. 


Poundt. 

6.000 

8,000 
10,000 
1^000 
20.000 

6,000 
25.000 
30.000 
85,000 

6.000 
88.000 
40.000 
42.000 
44.000 
48.000 
48.000 
50,000 

5.000 
62.000 
54.000 
66.000 
58,000 
80.000 

6.000 
62.000 
64,000 
68.000 
68.000 
70.000 
72.000 
72,750 


Iruh. 
0. 

.0004 
.0011 
.0022 
.0035 


Iruh, 


f 

Callcing shows decided moT<»ment 
of plates; also plates slightly 
bent. 

ContiDued bending of plates. 

Scale starts off.apper plate along 
a line Just toaching rivet heads. 

Ultimate strength. 










.0002 


.0061 
.0067 
.0090 

'oios'"* 

.0122 
.0136 
.0152 
.0171 
.0198 
.0284 






.0031 














.0125 


.0310 
.0365 
.0484 
.0401 
.0578 








.0432 


.0661 
.0768 
.0011 
.1102 
.1862 
.1790 
.2260 

















Sheared the rivets; all rivets appeared to shear at same time. Frac- 
tured slightly two rivets under npper heads. Fractured all the rivets 
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under the lower heads. No fractures started in the steel plates. Aver- 
age elongation of holes in the plate, '^07. 

Maximum Joad$ on Joint 

Poimds per sq. inoh. 

Tensile strain on groBH section of npper plate 29,690 

Tensile strain on net section of upper plate 46,340 

Compressiye strain on bearing surface of rivets 82,480 

Shearing strain on rivets 37,890 

No. 427. — i'' Steel Plate. Joint A • . 

Same style of joint as No. 426. 

Upper plate, 10''x'^247. 

Under plate, 10''x ''.247. 

I" iron rivets, "Burden's best,'' machine-driven. 

Punched holes: Punch, ''.695 diameter; die, ".762 diameter. 

Square inohea. 

Gross sectional area of plate 2.47 

Net sectional area of plate 1.58 

Bearing surface of rivets 889 

Shearing area of rivets (".70 diameter) 1.92 



Loads ap* 

plied. 


Elonsatlon in 
10 uichea. 


set. 


Bemarks. 


Powndt. 
6,000 
8,000 
10,000 
15,000 
20,000 
6,000 
6,000 

ao.000 

25,000 
80,000 
85,000 

6,000 
88,000 
40,000 
42,000 
44.000 
46,000 
48,000 
50,000 

5,000 
52,000 
54,000 
58,000 
58,000 
60.000 

5,000 
62,000 
64,000 
66.000 
68,000 
70,000 
72,700 


Inch, 

0. 

0. 

0. 

.0001 
.0008 


Inch. 


liTew gaugings began. 

Soale baa started on two rivet 
heads. 

Ultimate atrengtb. Sheared 
rivets. 










.0009 


0. 

.0002 
.0010 
.0028 
.0040 

.oifc— 

.0068 
.0075 
.0089 
.0090 
.0112 
.0150 










.0020 














.0090 


.0210 
.0258 
.0812 
.0370 
.0452 










.0852 


.0640 
.0620 
.0760 
.0800 
.1070 
.1660 















After the ultimate load was passed and the pressure running down 
gradually the rivetR sheared not simultaneously, as appeared to be the 
case with A • , but one rivet snapped first, quickly followed by the sec- 
ond and third; the two remaining rivets sounded as one when they 
parted. 

Maximum loads onjoinU. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 29,430 

Tensile strain on net section of plate 46,010 

Compressiye strain on bearing surface of rivets 81,780 

Sheiuring strain on rivets 37,S0(^ 
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No. 436.— i'' Steel Plate. Joint A A . 

! 







i 



KtM 




f steel rivets, machine driven. 

Punched holes: Punch, ''.69 diameter; die, ''.75 diameter. 

/ SqoATe inches. 

Grofls sectional area of plate 2.45 

Net sectional area of plate 1.57 

Bearing snrface of rivets 882 

Shearing area of rivets ('^70 diameter) 1.92 





Loads ap- 
plied. 


Elongation in Permanent 
10 inGhes. set. 


Bemarks. 




Fotmdt. 

5,000 
10,000 
15,000 
20,000 
25,000 
80.000 
36,000 

5.000 
88,000 
40,000 
42,000 
44.000 
4«,000 
48,000 
60,000 

5^000 
52,000 
54,000 
55,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70.000 
73,000 
74,000 
76,000 
78,000 
80,000 
94,600 


Inch, 


Inch. 


The Joint was not calked tight; 
slightly open at the commence- 
ment of the test 

Slight change, in calking of Joint 
is perceptible. 

Joint opened abont ".03. 
Joint opened abont ''.05. 

Ultimate strength. 




.0007 
.0017 
.0031 
.0044 
.0067 
.0092 


























.0030 




.0108 
.0118 
.0180 
.0142 
.0158 
.0171 
.0187 




























.0077 




.0207 
.0237 
.0263 
. .0300 
.0332 
.0362 
.0411 
.0452 
. 0521 
.0614 
.0600 
.0792 
.0882 
.1070 
.123 





































































Ultimate failure occurred by shearing the upper plate through the 
metal, as shown by the lines in the sketch. The first fracture which 
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appeared in sight was at the end section at A. Holes in the nnder 
plate elongated about -j^/' each. 

Appearance of fractures : Silvery scale not disturbed on the body of 
the specimen.' 

Lap ends of plate bent about 12o. 



^ 



Maximum loads an Joint, 

PoandB per sq. inch. 

Tensile strain on gross section of plate 38,610 

Tensile strain on net section of plate 00,250 

Compressive strain on bearing surface of rivets 107, 260 

Shearing strain on rivets. * 49,270 

No. 437. — J'' Steel Plate. Joint A A . . 



T 



iO 

io 

iO 



NJ 



.3 



j'.'os^ '^ ^j: 



'OS 



<^ 



JSlJO 




I'' steel rivets. 

Punched holes: Punch, ''.69 diameter^ die, ".75 diameter. 



Digitized by VjOOQIC 



TESTS OF IBON AND STEEL AND OTHEB MATERIALS. 



71 



Bqnare inohes. 

Grow eeotional area of plate 2.47 

Net sectional area of plate 1.58 

Bearing surface of rivets 889 

Shearing area of rivets (^'.70 diameter) 1. 92 



Loads ap- 
plied. 


Slongation in 
10 inohes. 


Permanent 
set. 


Bemarks. 


Poundi, 

5,000 
10,000 
15,000 
20,000 
25.000 
30,000 
85,000 

5,000 
88.000 
40,000 
42.000 
44.000 
46,000 
48,000 
60,000 
52,000 
64,000 
56,000 
58.000 . 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
74,000 
78,000 
80,000 
90,000 
08,600 


Jneh, 


InoL 


Joint opened ''.01. 
Joint opsnaboat ".02. 

Joint open ".08. 

Boale stsrted onzivet heads. 

Joint open ".04. 

intimate strength. 


.0010 
.0025 
.0040 
.0061 
.0082 
.0108 














.0085 


.0120 
.0130 
.0140 
.0150 
.0165 
.0178 
.0101 
.0211 
.0285 
.0260 
.0285 
.0820 
.0360 
.0402 
.0445 
.0518 
.0609 
.0755 
.0050 
.1095 
.2470 
.8770 















































Joint failed similar to A A • by shearing plate, fractures beginning at 
the rivet holes. 

Test discontinued before the fractures were all developed, the first 
firacture appearing at the second rivet from side of plate. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tenaile strain on gross section of plate .- 37,895 

Tensile strain on net section of plate 69,240 

Compressive strain on bearing surface of rivets 105, 290 

Shearing strain on rivets , 48,750 
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"So. 428.— J" Steel Plate. Joint 



T 







.5 




I'' iron rivets, "Burden's best,'' machine-drawn. 
Drilled holes, '^69 diameter. 

Square iaohes. 

Gross sectional area of plate V 2.53 

Net sectional area of plate 1.66 

Bearing surface of rivets B73 

Shearing area of riyets (".69 diameter)* 1.87 



Loads ap- 
pUecL 


Elongation in 
10 bkches. 


Permanent 
set. 


Bemarlu. 


Poundt, 
5,000 
8,000 
10,000 
16,000 
20,000 
6,000 
25,000 
80,000 
82,000 
84,000 
85,000 
5.000 
36,000 
88.000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
^000 
52,000 
54,000 
56,000 
58.000 
60,000 
62,000 
64,000 
66,000 
67,980 


0. 

.0006 
.0010 
.0020 
.0040 


IneK 


Soale started on two rivet heads ; 
Calked Joint opened about ''.02. 

Ultimate strength. 










.0006 


.0057 
.0080 
.0007 
.0103 
.0109 










.0031 


.oiis 

.0122 
.0136 
.0140 
.0161 
.0179 
.0223 
.0299 
















.0161 


.(»861 
.0430 
.0520 
.0620 
.0730 
.WO 
.1070 
.1330 
.2099 
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Joint Mled by shearing rivets and tearing off rivet heads. 

Elongation of hoMs after fracture about '^07. 

BBMAJBKB.^The form of the rivet headB appears to be sach as to develop weakness 
nnder the heads ; the conical head being weak and easily bent at the edge, brings a 
strain tending to tear off the head, which is illnstrated by the failare specimens A • 
A • • and C • 

Maximum Uxidi onJainU 

Pounds per tq. inch. 

Tensile strain on gross section of plate 26,870 

Tensile strain on net section of plate 40,950 

Compressive strain on bearing surface of rivets 77,870 

Sheiuing strain on rivets 36,350 

No. 429.— J" Steel Plate. Joint C • • 

Same style of joint as No. 428. 

Upper plate, 10" x ".248. 

Under plate, 10" x ".248. 

I" iron rivets, " Burden's best," machine-drawn. 

Drilled holes, ".69 diameter. 

Sqnare inobet. 

Gross sectional area of plate 2.48 

Net sectional area of plate 1.62 

Bearing surface of rivets 856 

Sheftring area of rivets (".69 diameter) 1.87 



Loads ftp. * 


Blonntloii in 
lOinohM. 


Permanent 
set. 


Remarks. 


Foundt. 

ft, 000 

8^000 

10,000 

IS. 000 

So! 000 

fi.000 

'80.000 
86,000 
6^000 
88.000 
40,000 
42,000 
44,000 
40.000 
48,000 
60,000 
62,000 
64,000 
60,000 
58,000 
60,000 
68; 660 


Jneh. 


Xndu 


Ultimate strength. 


.0008 
.0016 
.0027 
.0046 
t 










.0006 


.0062 

.0087 

. .0116 






.0088 


.0180 
.0166 
.0172 
.0105 
.0227 
.0276 
.0327 
.0380 
.0460 
.0630 
.0620 
.0720 
.1800 





























Failed by shearing the rivets. 
Fractures started under rivet heads. 

Maximum loadi on joint. 

Pounds per sq. inch 

Tensile strain on gross section of plate 27,680 

Tensile strain on net section of plate 42,370 

Compressive strain on bearing surface of rivets 80,200 

Shearing strain on rivets 36,710 
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No. 438.— J'' Steel Plate. Joint 




I" steel rivets, tool-steel. 
Drilled boles, ^^61) diameter. 



Oro88 sectional area of plate 

Net sectional area of plate 

Bearing sarface of rivets 

Shearing area of rivets (".69 diameter). 



Square 



inobe*. 
2.63 
1.66 
.873 

L87 



Loads Ap- 
plied. 


Elonsalionin 
10 hiGhes. 


Penaaaent 

set. 


Bemarks. 


Poundt. 

5,000 
10,000 
15,000 
20. 000 
25,000 
30.000 
35,000 

5,000 
88,000 
40, 000 
42,000 
44,000 
46,000 
48.000 
50.000 

5,000 
52,000 
54.000 
56.000 
58.000 
60, 000 
62,000 
64,000 
66.000 
68, 000 
70, 000 
74, 000 
78.000 
80,000 
90,000 
06, 000 
104,900 


Inch. 


Inch. 


• 

• 
Perceptible openiog of Joint. 

Joint opened ".01 

Joint open ".02. 
Joint open ".03. 
Joint open ".04. 

Joint open ".05. 
Joint open ".06 to ".07. 

intimate strength. 


.0010 
.0020 
.0035 
.0040 
.0068 
.0091 












.0040"" 


.0110 
.0120 
.0130 
.0145 
.0160 
.0170 
.0190 














.0098 


.0210 
. 0230 
.0258 
. 0290 
.0320 

.0390 
.0430 
.0475 
. 0522 
.0640 
.0800 
.0930 
.1910 
.3270 





































Tore under plate through line of rivets, fracture first makiug it8 
appearance at second rivet hole. Before the ultimate strain was 
reached the under plate had stretched about the' holes to such an 
extent that some of the holes were in sight beyond the rivet heads. 
After fracture the average elongation of holes in the fractured plate 
was ".65. Fracture silky and the metal well drawn down. One rivet 
was weakened by the shearing strain. 
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Miucimum loads an Joint, 

Poimds per sq. inch. 

Tensile strain on gross section of plate 41,460 

Tensile strain on net section of plate 63,190 

Compressive strain on bearing section of rivets 120,160 

Shearing strain on rivets 56,100 

No. 439.-4" Steel Plate. Joint CO, 

Same style of joint as No. 438. 
Upper plate, 10" x '^248. 
Under plate, 10" x ".245. 
I" steel rivets, tool-steel: 
Drilled holes, ".69 diameter. 

Square inoheB. 

Gross sectional area of plate J^.45 

Net sectional area of plate 1.60 

Bearing surface of rivets ^45 

Shearing area of rivets (''.69 diameter) 1.87 





Loads ap- 
plied. 


Elongntion in 
10 inchea. 


4 

aet 


Semarka. 




Poundt. 
a, 000 
10.000 
15,000 
20.000 
25,000 
30.000 
35,000 
.\000 
88,000 
40.000 
42.000 

45,000 

48,000 

60.000 

5.000 

52,000 
55.000 
58,000 
60,000 
62,000 
64,000 
66.000 
68,000 
70,000 
75,000 
80,000 
90.000 
06,100 


IfUfh, 


Inch, 


Perceptible starting of the calked 
Joint. 

Joint opened aboot^'-OOf 
Joint cloiieB where strains are re- 
leased. 
Joint open ".01. 

Joint open ".05. 
Joint open ''.06. 

TTltimate strength. 




.0012 
.0022 
.0037 
.0052 
.0072 
.0101 

.'oiu "■ 

.0128 
.0142 

.0163 
.0192 
.0214 














^ 








.0082 
























.0103 




.0242 
.0800 
.0361 
.0402 
.0450 

!o552 
.0622 
.0713 
.1002 
.1462 
.3510 






















• 



































Fractured through the under plate same as O O • Before the ultimate 
load was reached the holes iu the under plate had elongated so as to 
appear beyond the rivet heads. After fracture, average elongation of 
holes in fractured plate ".53; metal well drawn down. Total width of 
steel reduced about ''.06, the joint ends puckered, presenting wavy 
lines. The holes in the upper plate elongated about ".28 each. Oppo- 
site one rivet the metal began to fracture from the end of the plate. 
When final fracture occurred the metal gave way, first at the inside 
sections. The rivets were weakened and indented about ".04 by the 
shearing strain. 

Maximum loads on joint. 

Founds per sq. inch. 

Tensile strain on gross section of plate 40,040 

Tensile strain on net section of plate 61,310 

Compressive strain on bearing sarface of rivets 116,090 

Shearing strain on rivet 52,460 
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No. 49.— J'' Steel Plate. Joint 0, 



T 



I 



I 
I 

I 
I 
I 

I 



O 
O 

o 
o 



! O 



T 



S 



s 



'•*Vi^'* 



Five fi'' steel rivets. 
Drilled holes, ^^69 diameter. 



^^ 



Square inches. 

Gross sectional area of under plate 2.49 

Net sectional area of nnder plate 1.63 

Bearing sarface of rivets 8.56 

Shearing area of rivets L57 



Loads ap- 
plied. 


Blonntlon in 
10 Inches. 


Permanent 
set. 


Remarks. 


Poundt. 

5,000 
10,000 
15,000 
20,000 
25.000 
30,000 
35,000 

5,000 
40,000 
45,000 
50,000 
52,000 
54.000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
08,100 


Inch, 
0. 

.0005 
.0010 
.0020 
.0035 
.0050 
.0080 


Ineh. 


Joint started perceptibly. 
Joint open ".OL 

Joint open ".08. 
Joint open ".04. 

Joint open ''.05. 

Ultimate strength. Sheared rivets. 














.0035 


.0110 
.0143 
.0182 
.0108 
.0218 
.0245 
.0270 
.0306 
.0345 
.0466 
.0530 
.0385 
.0688 
.0768 
.0870 
.0060 
.1000 
.1218 











































Average elongation of holes, ".18. 

Maximum load» on joint. 

Pounds per eq. inch. 

Tensile strain on gross section of plate 39, 400 

Tensile strain on net section of plate 60,ld4 

Compressive strain on bearing surface of rivets 114, 603 

Shearing strain on rivets • 52,742 
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1^0. 50.— 4'' Steel Plate. Joint 000.. 




=CP 

Five I" steel rivets. 
Drilled holes, ''.69 diameter. 

SqnAie inches* 

Gto68 sectional area of upper plate 2.50 

Net sectional area of apper plate 1.64 

Bearing surface of rivets 869 

Shearing area of rivets 1.86 



Loftds ap- 
plied. 


Elongation In 
10 inches. 


Permanent 
set. 


BMnarks. 


5,000 
10,000 
20,000 
80,000 
35,000 

5.000 
40,000 
46,000 
50,000 
52,000 
54,000 
58,000 
58,000 
60,000 
02.000 
64,000 
66,000 
68.000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
04,200 


.0080 
.0068 
.0090 


Intk, 


Joint started pereeptihly. 
Joint open ".01. 

Joint open ".02. 
Joint open ".08. 
Joint open ".04. 

Joint open ".05. 

Xntimate strength. Sheared four 
rivets. Tore ont plate at end 
rivet. 










.0040 


.0125 
.0151 
.0188 
.0210 
.0285 
.0280 
.0350 
.0305 
.0452 
.0508 
.0568 
.0640 
.0710 
.0700 
.0880 
.0988 
.1112 
.1275 









































Elongation of inside holes, 'M2 each. 
Elongation of end hole, '^26. 

MaaAmvLm loada an joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 37,680 

Tensile strain on net section of plate 57,439 

Compressive strain on bearing surface of rivets 109,650 

Shearing strain on rivets 50,645 



Digitized by VjOOQIC 



78 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No. 430.— J'' Steel Plate. Joint B 







iWxW 



I'' Steel rivets. 

Drilled holes, ''.69 diameter. 

Square indhos. 

Gross sectional area of plate 2.44 

Net sectional area of plate 1.40 

Bearing surface of rivets 1.04 

Shearing area of rivets (''.69 diameter) 2.24 



Loads ap- 
plied. 


Bloneation in 
10 incbes. 


Permanent 
net 


Remarks. 


Found*. 
!^(J00 
8.0O0 

motto 

15,000 
20,000 

5,000 
25,000 
30,000 
35,000 

5,000 
4n.UO0 
4^000 
44,000 
4O,(»O0 
4*, OOO 
50,UOO 
52,000 
64,000 
fie, 000 
58.000 

<io,o«o 


Inch. 


Inch. 


Calked Joint slighUy atartcd. 
Ultimate strength. 


.0007 
.0013 
.0030 
.0045 










.0010 


.0004 
.0085 
.0110 

.'bias"" 

.0147 
.0160 
.0173 
.0187 
.0205 
.0228 
.0245 
.0265 
.02W 
.0321 






.0033 ^ 






















10,000 
15,000 
SO.fflPO 

25. fim 
ao,wo 

Sfi^Owl 
40,000 
CO.OtH) 
GOiOOO 






.0173 


.0012 
.0022 
.0037 
.0052 
.0067 
.0007 
.0082 
.0110 
.0142 






















62.000 
M,000 
00,000 
08,000 
70,000 
78.000 
74,000 
76,000 
78,000 
80,000 
82,000 
84.000 
93,600 


.0332 
.0364 
.0305 
.0431 
.0460 
.0500 
.0540 
.O.'WS 
.0681 
.0745 
.0883 
.0947 
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Failed by fracturing the under plate through rivet holes. 
Silky fractures slightly lamellar^ metal well drawn down. 
Scale started on rivet heads; otherwise they appear undiRturbed. 
After the test the rivets were loose in the plate not fractured. 
Fracture began at one edge and in first section between rivets. 

Maximum loads an joint 

Foimdfl per nq. ivtih. 

Tensile strain on groas section of lower plate 'AH, :XK) 

Tensile strain on net section of lower plate 66,8G0 

Compressive strain on bearing surface of rivets 90,000 

Skearinj^ strain on rivets 




Sketch, drawn one-third size, showing shape of rivet holes in fractarcd plate. 

No. 431.— I'' Stebl Plate. Joint E . . 

Same style of joint as No. 430. 
Upper plate, 9".75x".250. 
Under plate, 9.''75x.''250. 
f steel rivets. 
Drilled holes, ^^69 diameter. 

Square inches. 

Gross sectional area of plate 2.44 

Net sectional area of plate 1.40 

Bearing surface of rivets 1.04 

Shearing area of rivets (''.09 diameter) 2.24 



Loads ap- 
pUed. 


Elongatioii in 
10 biches. 


Permanent 
set.^ 


Semarhs. 


Pounds. 

6.000 
10,000 
15,000 
20,000 
25,000 
30,000 
35.000 

5,000 
40,000 
42.000 
44,000 
46.000 
48,000 
50,000 
52,000 
54,000 
58,000 
58,000 
00,000 

5,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74.000 
76,000 
78,000 
80.000 
98,000 


Inch. 


Inch, 


\ 


.0004 
.0010 
.0018 
.0031 
.0045 
.0065 


















.0025 


. 0001 


.0103 
.0114 
.0180 
.0145 
.0164 
.0188 
.0205 
.0233 
.0256 
.0285 








1 








Calked joint slipped bat not 
opened. 

Bi^et heads scale off. Joint is 
:abont".08open. 












.0180 


.0311 
.0843 
.0874 
.0405 
.0447 
.0493 
.0626 
.0533 
.0673 
.0860 
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TESTS OF mON AND STEEL AND OTHEB MATERIALS. 



Fractured under plate throagh line of rivet holes same as E • The 
upper plate drew down in total width about 'MO, causing the joint to 
pucker. Fine silky fractures, the metal well drawn down. Fracture 
began on one side, then reaching across the plate, beginning the frac- 
ture on the opposite side as it stood in the testing machine from the 
fracture of £ , 

Maximum loadt an Joint, 

PoondB per sq. inch. 

Tensile strain on gross section of plate 40,160 

Tensile strain on net section of plate 70,000 

Compressive strain on bearing surface of riyets 94,230 

SheariDg strain on riyets 

No. 47. — 4" Steel Plate. Joint H . 



T 



I 



'4 



iO 

io 
•io 

lO 



T 



Eight -A'' steel rivets. 
Drilled holes, ^^50 diameter. 

Square laches. 

Gross sectional area of npper plate 2.S6 

Net sectional area of npper plate 1.64 

Bearing snrface of rivets 1,01 

Shearing area of rivets 1.572 



Loads ap- 
plied. 


EloDgation in 
10 uiohes. 


Pormanent 
set. 


Itemarks. 


Pounds. 

5.000 
10,000 
15.000 
20,000 
80,004 
85.000 

5,000 
40.000 
42.000 
44,000 
46,000 
48,000 
60.000 

5.000 
52.000 
54.000 
56,000 
58,000 
60,000 


Inch. 
0. 

.0008 
.0020 
.0028 
.0050 
.0070 


Inch. 


Joint started perceptibly. 

a 












.0025 


.0005 
.0108 
.0120 
.0133 
.0150 
.0170 










.0075 


.0105 
.0220 
.0340 
.0270 
.0300 
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Loads ap- 

pUed. 


Elongation in 
10 filches. 


Pennanent 
set. 


Kemarks. 


Found*. 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82.000 
84.000 
86.000 
88.000 
00.000 
92.000 
06,600 

102,400 


Ineh. 
.0320 
.0850 
.0380 
.0420 
.0461 
.0500 
.0549 
.0600 
.0652 
.0606 
.0768 
.0830 
.0890 
.0972 
.1072 
.1250 


Ineh. 


Joint open ''.01. 

Joint open ".02. 
Joint open ".03. 

Joint open ".06. 

Bapid stretching of plate. 
Ultimate strength. Sheared rirets. 





































The inside of the upper plate showed very complete removal of scale. 
The outside of this plate the scale not removed partially. This behavior 
inrould naturally follow from the bending of the plate while under ten- 
4sile stress, elongating the fibers on the convex side of the sheet more than 
the fibers on the concave side. 

Average elongation of rivet holes, 'MO. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain ou gross section of npper plate 38,496 

Tensile strain on net section of npper plate 62,440 

Compressive strain on bearing surface of rivets 101, 180 

Shearing strain on rivets 65,2SS0 

No. 48.— 1'' Stebl Plate. Joint H . . 
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io 

io 
o 

IO 

Am 






Bight ^" steel rivets. 
Drilled holes, '^50 diameter. 

Square inches. 

Ghroes sectional area of plate 2.625 

Net sectional area of plate 1.625 

Bearing surface of rivets 1.00 

Shearing area of rivets 1.57 

S. Ex. 1 6 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loftdfl ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarks. 


Pounds. 

5,000 
10,000 
20,000 
30,000 
86,000 

5,000 
40.000 
45,000 
48.000 
60,000 
52.000 
54.000 
66.000 
58.000 
60,000 
62,000 
64,000 
66.006 
68,000 
70,000 
72.000 
74,000 
76,000 
78,000 
80,000 
82.000 
84,000 
86,000 
88.000 
90,000 
94,800 


Inch. 
0. 

.0009 

.0030 

.0060 

.0081 


Inch. 


Scale started on rivet heads. Joint 
stalled peicepUbly. 

Joint open ''.01. 

Joint open ".02. 
Joint open ''.08. 

Joint open ".06. 
Ultimatestrength. Sheared seyen 

rivets and tore out plate at end 

rivet 










.0023 


.0110 
.0140 
.0162 
.0180 
.0200 
.0228 
.0248 
.0272 
.0300 
.0320 
.0350 
.0378 
.0400 
.0440 
.0478 
.0521 
.0565 
.0610 
.0670 
.0722 
.0790 
.0860 
.0935 
.1040 








































'** 















Average elongation of holes, ''.07. 

Mojcimum loads an Joint, 

Poonds per sq. inch. 

Tensile strain on gross section of plate 36,114 

Tensile strain on net section of plate 58,338 

Compressive strain on bearing surface of rivets 94,880 

Shearing strain on rivets 60,382 

DOUBLE-RIVETED LAP JOINTS, i" STEEL PLATE. 

No. 432.— J'' Steel Plate. Joint F . 







<^.^M'^^> 



^M> 



<— ar — > 



I" iron rivets, <' Burden's best." 

ranched holes: Punch, ''.695 diameter; die, ''.752 diameter. 
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Square inohea. 

GioBS sectional area of plate 2.4^ 

Net sectional area of plate 1.5^ 

Bearing surface of rivets 1.7^ 

Shearing area of rivets (".70 diameter) 3. 8& 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 
10,000 
15,000 
20,000 

5.000 
25^000 
80,000 
35,000 

5.000 
40,000 
42,000 
44,000 
46.000 
48,000 
50,000 
52,000 
54.000 
56,000 
58,000 
60,000 

5,000 
62,000 
64,000 
66,000 
68,000 
70.000 
72.000 
74.000 
76,000 
78,000 
80.000 
82,000 
84.000 
86,000 
97,800 


Inch, Inch. 


Calked Joint opened abont ".01. 
Calked Joint opened abont ".08. 

Ultimate strength. 


.0012 
.0026 
.0041 








.0009 


.0055 
.0071 
.0080 






.0028 


.0110 
.0118 
.0125 
.0138 
.0142 












.0161 
.0375 
.0182 
.0196 
.0210 












.0116 


.0220 
. 0232 
.0250 
.0200 
.0260 
.0288 
.0316 
.0840 
.0869 
.0405 
.0440 
.0600 
.0610 

































Fractured upper plate through line of rivet holes. Fractures began 
at the rivet holes weakening the whole plate at the same time, the 
bent and marked edge apparently not effecting the manner of iracture 
Fractures fine silky j metal well drawn down. The fractured plate had 
the die-side in. 

Maximum loads on joint. 

Pounds per sq. inck 

Tensile strain on gross section of plate 39,280 

TeiLsUe strain on net section of plate 61,510 

Compressive strain on bearing surface of rivets 54, 640 

Shearing strain on rivets 25,400 

No. 433.— J'' Steel Plate. Joint F . . 

Same style of joint as No. 432. 

Upper plate, 10''x''.248. 

Under plate, Wx''.254. 

%" iron rivets, " Burden's best.'^ 

Punched holes: Punch, '^695 diameter; die, ^^752 diameter. 

Square inches. 

Gross sectional area of plate 2.54 

Ket sectional area of plate 1.63 

Bearing surface of rivets l.«3 

Shearing area of rivets ('^70 diameter) 3.65 



Digitized by 



Gcx)gle 



u 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
plied. 


10 inohM. 


Pennaaent 
Bet 


Remjurks. 


PouTid*. 

5,000 
10.000 
15.000 
20.000 

6,000 
25,000 
30,000 
35.000 

6.000 
40.000 
42.000 
44,000 
46.000 
48,000 
50.000 
52.000 
56,000 
58,000 
60.000 

5,000 
62.000 
64.000 
66.000 
68.000 
70.000 
72.000 
74.000 
76.000 
78.000 
80.000 
82.000 
84.000 
86.000 
88,000 
90.000 
98,800 


Inch. 


IneJL 


Calked Joint opened aboat ".01. 
Ultimate sttength. 


.0018 
.0026 
.0088 






.'ooos'"* 


.0048 
.0063 
.0079 






.0018 


.0008 
.0100 
.0108 
.0118 
.0126 
.0131 
.0188 
.0158 
.0168 
.0179 

'.him'" 

.0207 
.0218 
.0288 
.0257 
.0268 
.0290 
.0818 
.0348 
.0374 
.0406 
.0456 
.0517 
.0630 
.0750 



















.0070 





































Fractared lower plate across line of rivet holes; appearance of fract- 
ure, silky J metal well drawn down. 



Maximum loads on joint. 



Poundt per aq. inclL 



Tensile strain on gross section of plate 38,700 

Tensile strain on net section of plate 60,300 

Compressive strain on bearing surface of rivetfi 63,715 

Shearing strain on rivets 25,530 

No. 434.— J'' Steel Plate. Joint G . 













=^:m^ 



< 4L"0J 

f iron rivets, " Burden's best.'' 

Punched holes: Punch, '^695 diameter; die, .752 diameter. 
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Square inohet. 

Gross sectional area of plate 2.55 

Net sectional area of plate 1. 61 

Bearing surface of rivets 1.63 

Shearing area of rivets (".70 diameter) 3.46 



' Loads ap- 
plied. 


EloDgatioD in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
1(1.000 
1.5.000 
20,000 

5.000 
25,000 
30,000 
85,000 

5.000 
40.000 
42,000 
44.000 
46»000 
48,000 
60,000 
52,000 
54,000 
56,000 
58,000 
60,000 

5.000 
62.000 
64.000 
66.000 
68.000 
7<),000 
72,000 
74,000 
76.000 
78.000 
80,000 
82.000 
84,000 
86.000 
88,000 
90,000 
105, 300 


Inch. 


Inch. 


Joint opened about ''.01 or leas. 
Ultimate strength. 


.0014 
.0027 
.0039 








.0009 


.0054 
.0071 
.0091 






.0031 


.0117 
.0127 
.0135 
.0149 
.0150 
.0168 
.0179 
.0190 
.0200 
.0214 
.0229 




















.0109 


.0240 
.0249 
.0264 
.0270 
.0298 
.0314 
.0338 
.0361 
.0404 
.0445 
.0505 
.0541 
.0634 
.0724 
.0890 




































Fractnred upper plate through line of four rivet holes. The fracture 
began at the holes. 

Metal silky in appearance and well drawn down. After fracture the 
slip of the plates at the calked joint measured 'M5. The joint was very- 
greasy from oil used in punching. 

Mcucimum loada on Joint, 

Pounds per sq. inch. 

Tensile strain ou gross section of plate 41,785' 

Tensile stain on net section of plate 65,400 

Compressive strain on bearing surface of rivets 64, 600 

Shearing strain on rivets 30,430. 

No. 435. — J'' Steel Plate. Joint G . • 

Same style of joint as No. 434. 

Upper plate, 10''x".254. 

Under plate, Wx''.254. 

1^' iron rivets, ** Burden's best.'^ 

Punched holes: Punch, '^695 diameter; die, '^752 diameter. 
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TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



Square inches. 

<}ro88 sectional area of plate 2.54 

Net Hectional area of plate 1*C3 

Bearing surface of rivets 1.G6 

Shearing area of rivets (".70 diameter) 3.46 

Specimen warped on the side. 



Loads ap- 
pUed. 



! Elongation in 
i 10 inches. I 



Pennanent 
set. 



Bemarks. 



PoundM. 

S.0OO 
10,000 
16.000 
20.000 

ft. 000 
25,000 
30,000 
85.000 

5,000 
40.000 
44,000 
48,000 
50,000 
52,000 
54.000 
56,000 
58,000 
60,000 

5.000 
62.000 
64.000 
66.000 
68.000 
70,000 
72.000 
74, 000 
76,000 
78,000 
80,000 
82,000 
84.000 
86.000 
88,000 
00,000 
105. 800 



Inch. 


Inch. 


.0008 




.0010 
.0014 







.0008 


.0024 
.0037 
.0053 






.0012 


.0077 
.0002 
.0110 
.0122 








.0131 




.0142 
.0152 
.0162 
.0172 












.0077 ' 


! .oi82 




.0102 




.0203 




ftOIT 





Joint hardly distorbed. 



.0232 
.0252 
.0272 
.0204 
.0332 
.0374 
.0434 
.0502 
.0567 
.0670 
.0840 



I Joint opened about ".03. 



.! Ultimate strength. 



Failnre occnrred in the same manner as with G • Appearance of 
fracture, silky. Metal well drawn down. Joint greasy from oil used in 
punching. 

The slip of the plates at the calked edge after fracture measured ''.20, 
the joint remaining open about '^05 to ''.06. 

Maximum lotids on Joint 

Pounds per sq. Inch. 

Tensile strain on gross section of plate 41,460 

Tensile strain on net section of plate 64,600 

Compressive strain on bearing sarface of rivets 63,430 

Shearing strain on rivets 30,430 
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No. 87.— J'' Steel Plate. Joint I . 



«c 




OS 






"^^ 



^^" steel rivets. 

Drilled holes, ".50 diameter. 

Square Inohea. 

Orow sectiooal area of upper plate 2. 41 

Net sectional area of upper plate 1. 80 

Bearing: surface of rivets 1.08 

Shearing area of rivets 1. 77 



Loads ap- 
plied. 



Poundf. 
6,000 
10,000 
20,000 
30,000 
85,000 
40,000 
45,000 
60.000 
6,000 
55.000 
60,000 
66.000 
70,000 
75,000 
80.000 
86,000 
90.000 

102.500 



Elooffatlon in 
10 mchea. 



Inch, 

0. 

.0002 
.0012 
.0028 
.0038 
.0050 
.0068 
.0090 



.0120 
.0156 
.0196 
.0240 
.0306 
.0390 
.0515 
.0715 



Permanent 
Bet. 



Bemarks. 



Inch. 



.0046 



Joint opened perceptibly. 
Joint opened ".01. 

Joint opened ".02. Rapid streteh- 

ing of plate. 
Ultimate ntrength. Sheared six 

rivets and tore out plate at three 

rivets. 



* Average elongation of holes, about 'M5. 

I^The minimnm elongation, '^07; maximum, ''.28. 

^ The metal on one side of the plate proved its elastic limit before the 

ftdl surface, owing to the plates not being riveted together in line. 

Maodmum loctds an joint, 

Poonds per sq. inch. 

Tensile strain on gross section of plate 42, 530 

Tensile strain on net section of plate 56,944 

Compressive strain on bearing surface of rivets 94, 910 

Shearing strain on rivets 57, 910 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No, 88.— J" Steel Plate. Joint I 



T 



I 

;: 




I 

^ 



<M'9r 



•ft'' steel rivets. 

Drilled holes, '^50 diameter. 

Sqaare Inehea. 

GroBs sectional area of plate 2.44 

Net sectional area of plate 1.83 

Bearing surface of rivets 1.10 

Shearing area of rivets 1.77 



Loads ap- 
pUed. 


Elonjntion in Permanent 
lO&ches. ; set. 


Remarks. 


Pounds, 
6,000 
10,000 
20,000 
80, 000 
40, 000 
45,000 
60.000 
6.000 
56,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
05,000 

108,200 


Inch. 
0. 


Inch. 


• 

Joint opened perceptibly. 
Joint opened ."01. 

Joint opened ."02. 

Ultimate strength. Tore npper 


.0010 
.0038 






.0068 
.0110 
.0135 
.0162 








.0070 " 


.oiw 

.0232 
.0280 
.0320 
.0370 
.0455 
.0570 
.0750 
.1450 























Fine silky fractures ; metal well drawn down. 

« 

Maximum loads an joint. 

Pounds per sq. inclu 

Tensile strain on gross section of plate 44,344 

Tensile strain on net section of plate 59,130 

Compressive strain on bearing surface of rivets 98,360 

Shearing strain on rivets 61,130 



Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 
SINGLE-RIVETED LAP JOINTS, |" STEEL PLATE. 

No. 51. — I'' Stebl Plate. Joint A . 



89 



«s 



O 
O 

|io 
o 
oj 



v 



S 






jy- — • 

\i'' iron rivets, " Burden's best.'' 

Punched holes: Punch, ^^753 diameter; die, ^^774 diameter. 

Square inohes. 

OroflB sectional area of lower plate 3.73 

Net sectional area of lower plate 2. 30 

Bearing surface of riyets 1.427 

Shearing area of rivets (".76 diameter) 2.27 



Loads ap. 
pUed. 


Elongation in 
10 izichea. 


Permanent 
set. 


Bemarks. 


Foundt. 

5,000 
10,000 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
60,000 
55.000 
60.000 
66.000 
70,000 
75,000 
90,200 


Inch. 

0. 

.0008 
.0022 
.0060 
.0082 


Inch. 


Joint opened less than ''.01. 
Joint opened ''.02. 
Joint opened ".04. 

Ultimate strength. Sheared lirets. 








.*0d88**"' 


.0115 
.0140 
.0182 
.0248 
.0328 
.0495 
.0600 
.0980 























Eivet holes elongated from ''.03 to ''.05. 

Maonmum limda on joint, 

Poonds per sq. inch. 

Tensile strain on gross section'of plate 24,180 

Tensile strain on net section of plate 39,220 

Compressive strain on bearing surface of rivets 63,210 

Shearing strain on rivets 39,740 
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No. 52.-1'' Steel Plate. Joint A 



Tol 






o 
o 
o 
o 



H 

? 



<j'm Ki;ij> 



•J^'' iron rivets, "Burden's best." 
Punched holes. 

Square inoliM; 

Gross sectional area of upper plate 3.73 

Net sectional area of upper plate 2.30 

Bearing surface of rivets 1. 427 

Shearing area of rivets (".76 diameter) 2. 27 



Loads ap- 
pUed. 


Elongation in 
10 inches. 


Petmanent 
set. 


Bemarks. 


Poundt. 

5.000 
10,000 
20,000 
30,000 
35, COO 

5,000 
38,000 
40, 000 
42,000 
44.000 
46.000 
48,000 
50,000 
52,000 
54.000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 

5,000 
86,700 


Jneh. 
.0 

.0008 
.0020 
.0060 
.0085 


Inch, 


Joint opened about ".01. 

Joint opened ".02. 
Joint opened ".04. 
Joint opened ".05. 

mUmate strength. Sheared riveta. 






!!!!..".",".* 


.0039 


.0108 
.0118 
.0130 
.0145 
.0158 
.0172 
.0189 
.0206 
.0230 
.0265 
.0318 
.0370 
.0420 
.0485 
.0560 
.0635 
.0728 



































.0553 










Eivet holes elongated from ''.03 to ''.05. 

Maximum loads on joint. 

Pounds per sq. Ineh. 

Tensile strain on gross section of plate 23,240 

Tensile strain on net section of plate 37,700 

Compressive strain on bearing surface of rivets 60, 760 

Shearing strain on rivets 38, 190 
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No. 53. — I" Steel Plate. Joint A A . 



T 






o 
o 

o 
o 



•Si 



•ii 



T 



I 









3 



•H" steel rivets. 

Punched holes : Punch, ''.753 diameterj die, ''.774 diameter. 

Square incheB. 

Gross sectional area of lower plate 3.75 

Net sectional area of lower plate 2.32 

Bearing surface of rivets 1.43 

Shearing area of rivets (".76 diameter) 2.27 



Loads ap- 
plied. 


ElonjB^tion in 
10 inches. 


Permanent 
set. 


• 
Remarks. 


Pounds, 
6,000 
10,000 
20.000 
80.000 
35.000 
5,000 
88,000 
40,000 
44.000 
46,000 
48,000 
50,000 
62,000 
64,000 
66,000 
68,000 
60,000 
62,000 
64,000 
60,000 
68,000 
70,000 
72,000 
74, 000 
76, 000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 

128,100 


Inch. 
0. 

.0008 
.0025 
.0060 
.0080 

.'60O5*'*" 

.0110 
.0120 
.0130 
.0142 
.0159 
.0172 
.0190 
.0203 
.0230 
.0200 
.0300 
.0340 
.0382 
.0420 
.0461 
.0510 
.0558 
.0605 
.0661 
.0725 
.0789 
.0845 
.0908 
.0980 
.1060 


Inch. 








.*6030 " " 
















1 












Joint opened sUghtly. 














Joint opened ".01. 






Joint open ".02. 






Joint open ''.08. 
Joint open ".04. 
Joint open ".05. 

Ultimate strength. Sheared rir- 
ets. 





























Average elongation of holes, ".12. 

Incipient fractures about rivet holes, indicating a close approach to 
the ultimate strength of the plate. 
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Jfaximum loads on joint, 

Ponnds per aq. inclL 

Tensile strain on gross section of lower plate 34,160 

Tensile strain on net section of lower plate 55,2t5 

Compressive strain on bearing surface of rivets 89,580 

Shearing strain on rivets 66,430 

No. 54. — I'' Steel Plate. Joint A A . . 



T 



.? 

•^ 

^ 




T 






^" steel rivets. 

Punched holes: Punch, ''.763 diameter; die, ''.774 diameter. 

Square inohea. 

Gross sectional area of lower plate 3.75 

Net sectional area of lower plate 2.32 

Bearing surface of rivets 1.42 

Shearing area of rivets (".76 diameter) 2.27 



Loads ap- 
plied. 


Elonffation In 
10 inohea. 


Pennanent 
aet. , 


HemarlLa. 


Poufufo. 
5,000 
10,000 
20.000 
30,000 
40,000 
60.000 
60,000 
70,000 
80.000 
90,000 

125,000 


liXCh, 

0. 

.0008 
.0020 
.0048 
.0090 
.0149 
.0251 
.0450 
.0688 
.1038 


hucK 


















Joint open abont ".01. 

mtimate atrength. Sheared rir- 
ete. 















Incipient fracture about rivet holes same as were developed in speci- 
men A A • 

Masdmum loads on joint, 

Ponnda pM* aq. inch. 

Tensile strain on gross section of upper plate 33,840 

Tensile strain on net section of upper plate 54,740 

Compressive strain on bearing snrrace of rivets 88,660 

Shearing strain on rivets 56,460 
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No. 56. — I" Steel Plate. Joint B . 



T 



8 






o 



T 



I 






< X > 



^^ 



\^" Steel rivets. 

Drilled holes, "Jll diameter. 



< a.'as > 



Otosb seotionftl area of plate 

Net sectional area of plate 

Bearing aorface of rivets 

Shearing area of rivets ('\77 diameter) 



Squure 



InohMk 
3.97 
2.22 
1.746 
2.79 



Loads ap- 
pUed. 


Elongation in 
10 LichM. 


Permanent 
set. 


Remarks. 


5.000 

10,000 

20,000 

80.000 

86,000 

^000 

40,000 

' 45.000 

50,000 

66,000 

00.000 

05,000 

08.000 

70,000 

72,000 

75,000 

78,000 

80.000 

85^000 

90,000 

100.000 

124,400 

141,800 


0. 

.0000 

0010 

.0032 

.0048 


Inxk. 


Joint opened perceptibly. 
Joint open ".01. 










.0011 


.0070 

.0090 

.0120 

.0150 

.0100 

.0245 

.0282 

.0330 

.0302 • 

.0420 

.0480 

.0522 

.0040 

.0770 

.1100 














Joint open ".02. 




Joint open ".08. 
Joint open ".04. 

Scale starts off entire plate. 
Ultimate strength. 

























Sheared three rivets and tore apari; the lower plat.e across three rivet 
holes, the metal showing a silky fracture, and drawing down well. 

MiuAmum loads on joint. 

Ponnda per sq. Inoh. 

Tensile strain on gross section of plate 35,590 

Tensile strain on net section of plate 63, 650 

Compressive strain on bearing surface of rivets 80, 930 

Shearing strain on rivets 50,650 
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No. 56.-1'' Steel Plate. Joint B . . 




^ ^ 

H" steel rivets. 

Drilled holes, ".77 diameter. 

SqnATD Inohet. 

GiOBS sectional area of upper plate 3.96 

Net Bectional area of upper plate 2.23 

Bearing surface of rivets 1.74 

Shearing area of rivets (".77 diameter) 2.79 



Loads Ap- 
plied. 


Elonntion in 
10 inohes. 


Permanent 

set. 


Bemarks. 


Pound*. 
5,000 
10,000 
20,100 
80,000 
85,000 
5,000 
40.000 
45,000 
50,000 
55,000 
60,000 
65,000 
68,000 
70,000 
72,000 
75,000 
78,000 
80,000 
85,000 
90,000 
05,000 
100,000 
122,000 
142,000 


Inch. 

0. 

0. 

.0010 
.0018 
.0021 


Ineh. 


Plfttea not atraiffht. 

Joint opened perceptibly at 68,000 
poonda teniion. 

Joint open ".01. 

Joint open ".09. 

Joint open ".03. 
Joint open ".04. 
Joint open ".05. 

Scale starts off plates. 
Ultimate strength. 










.0005 • 


.0030 
.0056 
.0085 
.0125 
.0168 
.0225 
.0278 
.0310 
.0348 
.0410 
.0480 
.0530 
.0680 
.0860 
.1110 
.1350 
























< 

















Sheared two rivets and tore plate across four rivet holes in upper 
plate. 
Silky fractures, the metal well drawn down. 

Maximum lc€td$ on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 35, 660 

Tensile strain on net section of upper plate 63,976 

Compressive strain on bearing sunace of rivets 81,600 

Shearing strain on rivets - 1 50, 900 
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No. 238 I" Steel Plate. Joint . 
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T 



1(51 

JO 

•II 

iO 

M 









7.5^ 



}" Steel rivets. 

Ihinched holes: Punch, \y^ diameter; die, J" diameter. 



Otoos sectional area of upper plate 

Net sectional area of upper plate 

Bearing surface of rivets 

Shearing area of rivets ('^82 diameter) . 



Square inohes. 

3.74 

2.16 

1.68 

2.64 



Loads ap. 
plied. 


10 biohes. 


Permanent 
set. 


Bemarks. 


Pounda. 

6.000 

10,000 

20.000 

30,000 

35,000 

5,000 

40,000 

45,000 

50,000 

55,000 

00,000 

65,000 

5,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

105,000 

110,000 

141,400 


Ineh, 
0. 

.0010 
.0030 
.0055 
.0070 


Inch. 


Joint opened peroeptibly. 

Joint open ".01. 

Joint open ".02. 
Joint open ".03. 

Joint open ".04. 
Joint open ".05. 

Ultimate strength. Sheared three 
rivets. Tore upper plate at end 
rivets. 










.0012 


.0090 
.0112 
.0135 
.0165 
.0200 
.0242 










.0130 


.0308 
.0880 
.0540 
.0700 
.0830 
.0900 
.1150 
.1360 
.1630 























Maximum loads on joint. 

Ponnda per sq. indh. 

Tensile strain on gross section of plate 37,810 

Tensile strain on net section of plate ' 65,460 

Compressive strain on bearing section of rivets 89,490 

Shearing strain on rivets 53,560 
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TESTS OF IKON AND STEEL AND OTHER MATEBIALa 



ITo. 239 I" Steel Plate. Joint CO.. 



T 



5? 




X > 



^> 



« 



y' steel rivets. 

l^anched holes: Pnncb, ^*' diameter; die, y* diameter. 



iGfoSB Bectional area of upper plate 

Met seotional area of apper plate 

Bearing surface of riyets 

SheaiiDg area of rivets (".82 diameter). 



Sqnm 



InohM 
3.76 
2.17 
1.59 
2.64 



LoiUUap. 
plied. 


10 InohM. 


Pemument 
•et. 


BemArks. 


Potmd«. 

6,000 
10,000 
20,000 
80.000 
86,000 

6.000 
40,000 
45.000 
60,000 

6,000 
65,000 

eo.ooo 

05,000 

5,000 

70,000 

75.000 

80.000 

86,000 

90.000 

100.000 

110.000 

120,000 

180,000 

140,000 

141,600 


0. 

.0006 
.0019 
.0045 
.0000 

.#079 
.0095 
.0112 


InfiK, 


Joint opened perceptibly. 

Joint open ".01. 

Joint open ''.02. 

Joint open ".04. 
Micrometer remoTed. 

mtimate strength. Sheared fonr 
rivets. Tore out plate at end 
rivet, upper plate. 










.0018 




.'6032'" 


.0140 
.0170 
.0212 

.0295""' 

.0380 
.0520 
.0000 
.0790 
.1126 
.1600 
.2800 
.4700 
.6800 
.7800 




.'oioi'*" 

























At time of maximam load the joint had slipped at the calked end ^^40. 

Elongation of holes in upper plate, punch side, 'M5 ; die side, ^'29. 
Elongation of holes in lower plate, punch side, ".13 ; die side, ''.07. 

Fractures were started about two holes in the upper plate where the 
rivets had sheared, showing the metal was near the point of tearing out 
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Maximum loadB on joint. 

PoimdA -pw 8q. inch. 

Tensile straiu on gross section of plate 37, 630 

Tensile strain on net section of plate 65,310 

Compressive strain on bearing surface of rivets 88, 9d0 

Shearing strain on rivets 53, 600 

No. 718.— f' Steel Plate. Set K . 






T 
I 



Oi 
OI 



U 



I 



1" iron rivets, hand-driven. 

Punched holes: Punch, l^V' diameter; die, 1^^' diameter. 

Sqnan inolie*. 

Gross sectional area of nnder plate 4.26 

Net sectional area of nnder plate 2.21 

Bearing surface of rivets 2.04 

Shearing area of rivets 4,43 



Loads ap* 
pUed. 


BloDgation in 
10 inohes. 


Pemument 
set. 


Bemarkt. ' 


Pounds. 

5,000 

10,000 

20,000 

30,000 

35.000 

5,000 

40,0U0 

45,000 

50,000 

55. 000 

00,000 

05.000 

70,000 

75,0<i0 

80,000 

90,000 

100,000 

110,000 

120.000 

180.000 

140.000 

150.000 

162,200 


0. 

.0008 
.0028 
.0050 
.0068 


Ineh. 






1 










.0020 


.0088 

.0118 

.0148 

.0180 

.0215 

.0252 

.0298 

.0340 

.0388 

.07 

.11 

.14 

.19 

.24 

.80 

.49 










.............. 































Sheared two rivets and tore out plate at three rivets under plate. 
Elongation of two rivet holes, ".26 each. 
Fracture of plate silky. 

S. Ex. 1 7 
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Maximitm load$ an Joint, 

Pounds per sq. inoh. 

Tensile strain on gross section of under plate 38,075 

Tensile strain on net section of under plate 73,394 

Compressiye strain on bearing surface of riyets 79, 510 

Shearing strain on rivets 36,614 

No. 719.— I" Steel Plate. Set K . . 
Duplicate of K • 



T 



I 




«^ 



\ 



1" iron rivets, hand-driven. 

Punched holes: Punch, l^^'^ diameter; die, 1^^' diameter. 

Sqnftre isoliM. 

QroBS sectional area of upper plate 4.22 

Net sectional area of upper plate .' 2.19 

Bearing surface of rivets 2.02 

Shearing area of rivets 4.43 



Loads ap- 
pUed. 


Elongatloiiin 
10 inchea. 


aet. 


Bemarka. 


Poundt. 

6,000 
10.000 
20,000 
30,000 
35,000 

5.000 
40,000 
45,000 


Inch. 
0. 

.0010 
.0030 
.0051 
.0065 


Twk, 


Xntimataatrengtb. 










.0008 


.0080 

.0100 

.0150 

.0161 

.0200 

.0240 

.0290 

.0340 

.0388 

.048 

.056 

.070 

.11 

.13 

.18 

.24 

.47 

.67 




55,000 
60,000 






65,000 
70, 000 
76,000 
80,000 
85,000 












90.000 
95,000 
100,000 








110,000 
120 000 




130,000 




140,000 
150,000 




160,000 




162,000 









Tore out upper plate. 
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Maximum loads on joint 

Pounds p«r tq. inch. 

TenBile Btrain on gross sectioD of upper plate %,390 

Tensile stmin on net section of upper plat« 73,970 

Compreesive strain on bearing sariace of rivets 80,200 

8heann|c strain on rivets.. 36,590 

SINGLE-RIVETED LAP JOINTS, WITH REINFORCE WELT, |" STEEL 

PLATE. 

No. 246. — I'' Steel Plate. Joint J . 




j'' steel rivets. 

I>rilled holeSf '^94 diameter. 

Square IboIim. 

Gross sectional area of under plate 4.34 

Net sectional area of under plate through line of holes B 2.30 

Net sectional area of under plate throneh line of holes C 3, 32 

Bearing surface of rivet« (9) on under plate 3. 06 

Shearing area of 9 rivets (".94 diameter), single shear 6.25 



Loa^s ap- 
plied. 


EloDSAtionin 
10 mohea. 


Permwient Bemarka. 


Pounds. 
6,000 
10,000 
20.000 
30,000 
36,000 
5.000 
40.000 
60,000 
00.000 
. 5,000 
66,000 
70,000 
76,000 
80.000 
86,000 
90,000 
06.000 

100,000 
5,000 

106,000 

110.000 


Inch, 
0. 

.0006 
.0018 
.0030 
.0038 


Inch. 




















.ooio 




"'.0645 
.0056 
.0092 












.0038 




.bii2 

.0130 
.0148 
.0160 
.0180 
.0200 
.0218 
.0240 

.0270 " 

.0296 






























::::::::::::: 

.0131 
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Loads Ap- 


Elongation in 
lOlnchea. 


plied. 


Poundi. 


InrJi. 


115,000 


, 0326 


120,000 


.0365 


185,000 


.0418 


130.000 


.0480 


135,000 


.0680 


140,000 


.0820 


145, 000 


.13 


150,000 


.16 


165,000 


.21 


206,000 






1 



Permanent 
set 



Remarks. 



I Jneh. 

I Joint open '\01. 

I Micrometer removed. 

, Ultimate strength. Fractured on- 

' der plate at oauide row of rivets. 



Fractare, silky seam in steel through one end section at JE, After 
fracture, holes in welt elongated about ".02 each ; upper plate, outside 
row of 3 holes, elongated ''.20 ; upper plate, inside row of 6 holes, 
elongated ".06. 

Before fracture the phites drew down from 11".98 to about 11".68 in 
width; the line of the joint bent concave and wavy. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile straiu on gross section of lower plate 47, 465 

Tensile straiu on net section of under plate through line of holes B 89, 565 

Tensile strain on net section of under plate through line of holes C 62, 050 

Shearing strain on 9 rivets, single shear 32, 960 

Compressive strain on bearing surface of rivets (9) in under plate 67, 320 

No. 247. — I" Steel Plate. Joint J . . 




< sr X sr > 



^»^ ^ ^^ ^' 



steolxoglt. 



^' steel rivets. 

Drilled holes, ".94 diameter. 

f steel welt. 

Sqnare inobes. 

Gross sectional area of upper plate 4.41 

Net sectional area of upper plate through line of holes A 3. 37 

Net sectional area of upper plate through line of holes B 2. 33 

Bearing surface of 9 rivets, upper plate 3.11 

Shearing area of 9 rivets (".94 diameter), single shear 6.25 
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I Loads »p- EloD^tion in, Permanent 
I plied. I 10 inches. | set. 



Remarks. 



Pounda. 
6,000 


Iruh. 

0. ! 
.0006 
.0012 
.0022 
.0029 


Inek. 




10,000 






20.000 
30.000 




36.000 
6,000 




.0010 


40.000 


.0088 
.00.58 
.0080 


50,000 




6(), 000 




5.000 


.0038 




66.000 


.0098 
.0110 
.0128 ! 
. 0142 ' 
.0158 
.6170 
.0188 1 

','^, J 

.0222 

.0240 

.0262 

.0295 

.0330 

.0382 1 

.0460 1 

.0640 1 

.12 

.15 

.18 1 

.22 1 

.28 1 

.30 

.34 

.37 

.43 

.46 

.52 

.58 1 

.68 1 

.79 


Joint opened perceptibly. 
Micrometer removed. 


70,000 




75.000 
80,000 




86,000 




90,000 




95,000 




100,000 




5,000 
105,000 


.0108 


110, 000 




115.000 




120, 000 




125.000 
130. 000 




135,000 
140,000 





145. 000 
150,000 




165,000 
160,000 




166; 000 




170.000 




175.000 




180. 000 
185.000 




190.000 
195. 000 
200. 000 




205.000 




210.000 






211, 900 




Ultimate strength. Fractured 
apper plate throngh outside row 



of rivets. 



Fracture began at end rivet bole. Tbis outside section bas seam 
tbrongb tbe steel, same in appearce as developed in tbe test of J • 
Fractures otberwise silky. 

McuKtmum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 48, 050 

Tensile strain on not section of upper plate across lines of holes A 62, H80 

Tensile strain on net section of upper plate across lines of holes B 90, 940 

Compressive straid on bearing surface of 9 rivets, upjier plate 68, 135 

Shearing strain on 9 rivets, single shearO 33, 90 
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102 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 




Photograph of Joint No. 247. Appearance after the fracture. 

No. 298.— I'' Steel Plates. Joint J J 

JL2J lftH> 



< X ► 











^^=^ 



/f 



iron : 



rivets, "Burden's besf 
rilled holes, '^93 diameter. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 103 



Sqaan inohM. 

Gross sectional area of under plate 4. 47 

Net sectional area of under plate across row of three rivet holes 3. 43 

Bearing surface of rivets 3. 11 

Shearing area of rivets (9 rivets, single shear) 6.11 



Loads ap- 
plied. 


BloDgation in 
10 hichea. 


PeimAnent 
set. 


Bemarks. 


Pounda. 

6,000 

10,000 

20,000 

80,000 

40,000 

50,000 

5,000 

60,000 

70,000 

80.000 

90,000 

100,000 

110,000 

120.000 

130.000 

140,000 

180, 000 

200,300 


Inch. 

.0 
.0006 


Inbk. 


• 

Ultimate strength. Sheared dght 
rivets and tore out one hole in 
i" welt. 




.0016 
.0028 
.0046 









.0076 

.'0108'"" 

.0160 
.0108 
.0248 

.0400 

.0560 

.00 

.11 

.17 




.0018 



























Inch. 

Average elongntion of rivet holes in upper plate, outside row (3 holes) 32 each. 

Upper plate, inside row (6 holes) i?4 each. 

Lower plate, innide row (6 holes) 26 each. 

i" welt, inside row (6 holes) ahout .02 each. 

\" welt, outside row (3 holes) 31 each. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 46, 820 

Tensile strain on net section of under plate across line of three rivet holes 61, 020 

Compressive strain on bearing surface of rivets 67, 300 

Shearing strain on rivets (single shear) 1 34, 250 

No. 299.— I'' Steel Plate. Joint J J . . 



J 







.1 



1 



<Aff> 



i" iron rivets, "Burden's best.'' 
Drilled holes, '^93 diameter. 
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104 TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



SqoAre inohM. 

Qross sectional area of under plate 4. 48 

Net sectional area of under plate across row of three rivet boles 3. 44 

Bearing surface of rivets 3. 12 

Shearing area of rivets (single shear) 6. 11 



Loads ap- Elon cation hi' Permanent 
plied. ! 10 inches. set. 



Semarks. 



Pounds. 


Inch. 


6.000 


.0 


10,000 


.0005 


20,000 


.0010 


30,000 


.0022 


40,000 


.0042 


50,000 


.0072 


5,000 




80,000 


.0110 


70,000 


. 0148 


80.000 


.0190 


90,000 


.0230 


100,000 


.029 


110,000 


.06. 


120,000 


.07 


130,000 


.08 


140, 000 


.11 


150, 000 


.19 


212, 300 






Inch. 



Ultimate strength. Sheared eight ' 
rivets ; tore out i" welt at mid- 
dle rivet, outside row. 



Maximum loads an joint. 

Poonds per eq. iaek 

Tensile strain on gross 8t>ction of under plate 47, 390 

Tensile strain on net section of under plate across row of three rivet holes 61,710 

Compressive strain on bearing suriace of rivets 68, 040 

Shearing strain on rivets (single shear) 34, 750 

DOUBLE-RIVETED LAP-JOINTS, |" STEEL PLATE. 

No. 57. — I" Stbkl Plate. Joint F . 







"f 









O^ 



^" iron rivets, "Burden's best." 

Punched holes: Punch, ".763 diameter; die, ".774 diameter. 

Square 1 

Gross sectional area of plate 3.76 

Net sectional area of plate 2.38 

Bearing surface of rivets 2. 89 

Shearing area of rivets (".76 diameter) 4. 54 
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TESTS OP IRON AND STEEL AND OTHER MATERIALS. 105 



Loftds ap- 


Blongation in 
10 incheB. 


plied. 


P<mnd». 


Inch. 


6,000 


0. 


10.000 


.0010 


20,000 


.0030 


ao.ooo 


.0050 


35,000 


.0068 


5 000 




40,000 


.0080 


46,000 


.0100 


60,000 


.0121 


65.000 


.0142 


60.000 


.0170 


06.000 


.0200 


70,000 


.0240 


75,000 


.0286 


80,000 


.0330 


85,000 


.0389 


90,000 


.0440 


95,000 


.0508 


100,000 


.0580 


105.000 


.0678 


110,000 


.0830 



146,700 



PermajDent 
set. 



Inch, 



.0020 



Remftrks. 



Joint opened perceptibly. 

Joint open ".01. 

Joint open ".02. 

Joint open ".08. 

Joint open ".06. Scale atarted 

off plates. 
Ultimate streDgtb. 



Fractured upper plate along line of rivet holes; silky fractures; metal 
drew down well, and fractured in each section at the same time. 



Maximum loads on Joint. 

Ponnda per sq. inch. 

Tensile strain on gross section of plate 39,020 

Tensile strain on net section of plate 62, 800 

Compressive strain on bearing surface of rivets 50, 760 

Shearing strain on rivets 33.310 

^o. 59.— ft" Steel Plate. Joint F • . 



^^ 



SI. 







'Si 



00 







K'JO 



^ 4'.'I0 * 



W' iron rivets, "Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Sqnaxe inohea. 

Qtobs sectional area of npper plate 3. 7S 

Net sectional area of upper plate 2. 31 

Bearing surface of rivets 2. 86 

Shearing area of rivets (".76 diameter) 4.64 
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106 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Load^ ap- 
plied. 


Elongation in 
10 biohes. 


Permanent 
set 


Bemarka. 


Pound*. 

6.000 
10.000 
20.000 
30.000 
40,000 
60.000 

6.000 
55.000 
60.000 
66.000 
70,000 

6,000 
75,000 


Inch. 
0. 

.0008 
.0015 
.0026 
.0042 
.0069 

.oom" ' 

.0100 
.0118 
.0140 


Inoh. 




* 




















.0660 
















.0040 




.0168 
.0206 
.0250 
.0310 
.0870 
.0430 
.0505 
.0500 


Joint opened perceptibly. 


80,000 




85.000 

90.000 

95.000 

IflO, 000 

106,000 

110,000 

6,000 

149,500 








Joint open ".01. 










Joint open ".03. 


.0480 * 




Ultimate strength. 









Fractured upper plate. Silky fractures. 

Miudmum loads on joint. 

Poanda per sq. inch. 

Tensile strain on gross section of npper plate 40, 090 

Tensile strain on net section of npper plate 64, 720 

Compressive strain on bearing surface of rivets 52, 460 

Shearing strain on rivets 32, 930 




Photograph ahowing eooentrioity of rivet heads, Joint Ko. 69. 

iiTo. 60. — I'' Steel Plate. Joint G . 



J 



^° 


^ 





1 







J 


i 8 


^ 


\ 





1 \ 






^M^ 



4^16 > 



\i^' iron rivets, " Burden's best." 

Punched boles: Pun«h, '^7h3 diameter; die, '^774 diameter. 
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Square inobM. 

Groes Beotional area of plate , 3.63 

Net seotional area of plate 2.34 

BeariDg surface of rivets 2. 49 

Shearing area of rivets (".76 diaroetei) 4.08 



Loads ap* EIoDffation in Permanent 
plied. I 10 inches. set. 



Remarks. 



Pounds. 
6,000 
10.000 

ao.ooo 

30.000 
40.000 
50,000 
5,000 
60,000 
65.000 
70,000 
6,000 
75.000 
80,000 
85,000 
90,000 
5.000 
96.000 
100,000 
105. 000 
110.000 
115,000 
141,600 



Ineh. 
0. 

.0008 
.0020 
.0040 
.0068 
.0108 



Jneh. 



.0160 
.0190 
.0231 



.0029 



.0280 



.0898 
.0460 



.0106 



.0540 
.0668 
.0778 
.0920 
.1098 



.0300 



Joint open perceptibly. 
Joint open ".01. 

Joint open ".02. 

Joint open ".03. 

Joint open ".05. 

Ultimate strength. 



Fractured upper plate aloDg line of rivet holes; silky fractures j 
metal hard aboat holes, yi^ith small granular spots near punched holes. 

Maximum loads on joint 

Pounds per sq. inch. 

Tenaile strain on gross section of plate 39,010 

Ttosile strain on net section of plate * 63, 210 

Compressive strain on bearing surface of rivets 56, 860 

Shearing strain on rivets 34,710 

No. 61.— I" Steel Plate. Joint G • . 



.? 



lo 






xo 
io 


1 


X 


ro 


1 




1 o 


«> 


I \ 



?G 



inc 



^'' iron rivets^ "Burden's besf 

Panelled holes: Punch, ^'.753 diameter; die, '^774 diameter. 
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108 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Square indhM. 

Gross sectional area of upper plate 3.70 

Net sectional area of upper plate 2.S9 

Bearing surface of rivets 2. 54 

Shearing area of rivets ('.76 diameter) 4.08 



LoadA ap- ! Elongation in 
plied. I 10 mobee. 



Pounds. 

5,000 

10,000 

20.000 

30,000 

40,000 

50,000 

6,000 

60,000 

65,000 

70,000 

5.000 

75.000 

80.000 

85,000 

80, 000 

5,000 

95,000 

100.000 

105, 000 

110, 000 



I 125. 800 



Inch, 

.0 

.0005 

.0018 

.0028 

.0046 

.0079 



Permanent 
set 



Inch. 



.0122 
.0150 
.0180 



.0021 



.0086 



.0340 
.0405 



.0480 
.0605 
.0720 



.0271 



Remarks. 



Joint opened perceptibly. 

Joint open ".01. , 

Joiut 0|>en ".02. I 

Joint open ".03. I 

Joint open ".01-f . 

Joint open ".04. 

Joint open ".06. 

Approximately the elastic limit | 
or the plate =29,730 pounds per i 
square inch. ' 

Ultimate strength. Fractured 
plate. 



Sharp bat not loud report heard at 100,000 poands and again heard 
just before fracture of the plate. 

Fractured plate across row of four rivet holes ; the metal first sepa- 
rated at the middle sections, which displayed in part fine granular 
fractures and in part silky appearance. 

Mcucimum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross secrion of upper plate 34,000 

Tensile strain on net section of upper plat^ 54, 930 

Compressive stjrain on bearing surface of rivets 49, 530 

Shearing straio on rivet 30, 830 



J—"..-' -.a^ ^^,^^iiii.j^jemZ^lm^:^ JSk- 



Photograph of fracturpd plate, showing granular metal, next two rivet holes, radiating 

from rivet holes. 
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No. 83. — I'' Steel Plate. Joint I . 



X 



iO 

! ( 

\o 

! ( 

JO 
i ( 

io 



o 

) 

o 

) 

o 



"siv^^TTSa^vSsr 






< J.>tf > 

\i" steel rivets. 

Drilled holes, ".75 diameter. 

Square inches. 

GTOflB sectional area of upper plate 4.75 

Net sectional area of upper plate 3. (J5 

Bearing surface of rivets 1, 93 

Shearing area of rivets (''.75 diameter) 3.09 



Loads ap- 


Elongation in 
10 uiches. 


Permanent 
set. 


Bemarks. 


Powndi. 
5,000 
10,000 
20,000 
30,000 
40,000 
60 000 


Jneh. 

0. 

0. 

.0011 
.0029 
.0055 
.0090 
.0143 
.0170 


Inch. 


Joint started perceptibly. 

Joint open ''.01. 

Joint open ''.03. 
Joint open ".06. 

Ultimate strength. Sheared rivets. 













60,000 
65,000 
5,000 
70,000 
76,000 






.0079 


.0200 
.0230 
.0260 
.0809 
.0840 
.0408 
.0628 
.0620 
.0708 
.0815 
.0945 
.1085 
.1220 




80,000 
85,000 
90,000 
95,000 










100,000 




105,000 
110,000 
115.000 
120,000 
125,000 
130.000 
163,000 



















Average elongation of holes, ^M3 each. 

Maximum lofid» an Joint. 

Ponnds per sq. inoh. 

Tensile strain on gross section of plate 34, 316 

Tensile strain on net section of plat« 44,660 

Compressive strain on bearing surface of rivets 84, 460 

Shearing strain on rivets 52,750 
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110 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 




Photop-aph of under plate. Joint No. 83. Appearance after rlTets were sheared, showing 
the development or "Cooper lines." 

No. 84.— I'' Steel Plate. Joint I . • 

Same style of joint as No. 83. v 
Upper plate, l'2".96 x ".368. 
Under plate, 12''.96 x ''.370. 
fj" steel rivets. 
Drilled holes, ".75. 

Square inehea. 

Gross sectional area of upper plate 4.77 

Net sectional area of npper plate 3. 67 

Bearinf^ surface of rivets 1.93 

Shearing area of rivets (".75 diameter) 3.09 



Loads ap- 
plied. 

Poundt. 
5,000 
10.000 
20. 000 
30.000 
40,000 
50,000 
55.000 
00,000 
65,000 
5, 0<»0 
70. 000 
75.000 
80.000 
85, 000 
90. 000 
95.000 
100. 000 
105, 000 
110,000 
115.000 
120,000 
160.200 


Elongation in 
10 &ohes. 


Permanent 
set. 


Remarks. 


Inch. 

0. 

0. 

.0008 
.0018 
.0039 
.0070 
.0090 
.0108 
.0121 

.oiio 

.0160 
.0192 
.0226 
.0*270 
.0330 
. 0425 
.0515 
.0628 
.0700 
.0830 


IflCh. 


















Joint opened peroeptibly. 
Joint open ".01. 

Joint open ".02. 
Joint open ".03. 
Joint open ".04. 
Joint opt* n ".05. 
Ultiuatestrength. Sheared rireta. 


.0061 
















J.... 






1 ' 



Average elongation of rivet holes, ".13 each. 
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TESTS OF IRON AND STEEL AKD OTHER MATERIALS. Ill 



Maximum loads on JoM. 

Poonds p«r tq. liMk. 

Tenmle strength on gross section of plate 33,585 

Tensile strength on net section of plate 43,650 

Compressive strain on bearing surface of rivets 83, 000 

Shearing strain on rivets 83, 000 

SINGLE AND DOUBLE RIVETED LAP JOINTS, V STEEL PLATE. 

No. 242.— J" Steel Plate. Joint A . 



T 



X 

*1 



iO 
iO 

iO 
o 
o 



I 



I 



1,26 



r-^ ^ ^1.^ 



c 



^ 



H> 



¥' iron rivets, " Borden's best.^ 

Punched boles: Pnnob, \%" diameter^ die, }f diameter. 

Sqvsre inelMi. 

Gross sectional area of noder plate 4.97 

Net sectional area of under plate 8.84 

Bearing surface of rivets S.13 

Shearing area of rivets (''.82 diameter) 2.64 



LoAdft ap- Eloncatloii in 
pUed. 10 hiches. 


Permsnent 

Mt. 


B«markB. 


Pounda. 

6,000 
10,000 
20.000 
80.000 
85.000 

fi.000 
10,000 


IfUk. 

0. 

.0009 
.0020 
.0042 
.0068 

- ooao' * 


Jnek. 


Joint opened perceptibly. 

Joint open ".01. 

Joint open ''.021. 

Micrometer removed. 
UitimAtettraostb. Sheared rivets. 










.0026 


20,000 -0045 




80,000 

86,000 
6,000 

40,000 

45,000 

50.000 
5,000 

10,000 

20,000 

80,000 

40.000 

50,000 

65.000 

60.000 

65.000 

70,000 

75,000 

80,000 

85,000 ' 

90,000 
100.000 
108,600 


.0060 
.0068- 






.0025 


.0095 
.0125 
.0160 






.0080 


.0088 
.0102 
.0120 
.0141 
.0168 
.0190 
.0226 
!0280 
.0360 
.0462 
.0590 
.0760 
.097 
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112 TESTS OP IBON AND STEEL AND OTHER MATERIALS. 

Failure took place immediately after the first warning that the rivets 
were yielding. 
Elongation of rivet holes from ''.04 to ".06. 

Siaximum loads on joint 

Poiinda per aq. inoh. 

Tensile strain on gross section of plato 21, 830 

Tensile strain on net section of plate 38,204 

Compressive strain on bearing surface of rivets 50, 940 

Shearing strain on rivets 41,100 

No. 243. — i" Steel Plate. . Joint A . . 

Same style of joint as No. 242. 

Under plate, 10".04 x ''.600. 

Under plate, 10''.04 x ''.495. 

1^' iron rivets, "Burden's best." 

Punched holes: Punch, -}i" diameter; ff" diameter of die. 

Sqnwe tnohes. 

Gross sectional area of under plate 4.97 

Net sectional area of under plate 2.84 

Bearing surface of rivets 2. 13 

Shearing area of rivets (".H2 diameter) 2.64 



Loads ap- 
pUed. 


Sloncationin 


Perm«ent j^^^ 


Pound$. 

5,000 

10,000 

20.000 

80,000 

85,000 

5,000 

40,000 

45,000 

60.000 

5,000 

66,000 

00,000 

65,000 

70, 000 

75.000 

80,000 

85,000 

90,000 

85,000 

100,000 

102,000 


Jneh. 

0. 

.0008 
.0080 
.0085 
.0050 


Inch. 










.*ooii "■ 


.0080 
.0118 
.0150 

K... ...... ... 






.0068 




.0180 

.0220 

.0300 

.08M 

.0600 

.0680 

.0700 

.11 

.18 

.16 
















. 


Joint open ".01. 
Micrometer removed. 















Ultimate strength. Sheared rlv. 
ets. 







Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 20,523 

Tensile strain on net section of plate 35, 915 

Compressive strain on bearing surface of rivets 47, 890 

Shearing strain on rivets 38,636 
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No. 294. — J'' Steel Plate. Joint A A . 

• 

I 



J. 




X 



^■^'■-p-i 



■fl'' iron rivets, " Burden's best." 

Flinched boles: Punch, 1" diameter; die, 1-jV diameter. 

Square inehet. 

Qross sectional area of upper plate 4.93 

Net aectional area of upper plate 2.40 

Bearing surface of rivets 2. 536 

Shearing area of rivets (1" diameter) 3.93 



Loads ap> 
pUed. 



Slonfffttion in 
10 inches. 



Pounds. 

6,000 

10,000 

20,000 

80,000 

85,000 

ft, 000 

40,000 

46,000 

60,000 

56,000 

60,000 

66,000 

70,000 

76,000 

80,000 

85,000 

90,000 

100,000 

110,000 

130,000 

114,500 



Inch. 

0. 

.0006 
.0010 
.0086 
.0042 



Permanent 
set. 



Inch, 



Remarks. 



.0058 

.0071 

.0091 

.0116 

.0142 

.0170 

.0210 

.0278 

.0368 

.0445 

.0550 

.10 

.14 

.17 



.0010 /' 



Joint started nerceptibly. 
Joint open ".01. 



j Joint open ''.02. 
I intimate strangth. 



Tore plat« across four rivet holes, shearing one end rivet. 

The plate failed at the commencement of fracture by parting the 
middle sections, which showed a granular appearance. Metal not 
drawn down. Two sections between rivets have silky appearance, with 
seam through middle. Metal drawn down. 

Maximum load* on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 29^310 

Tensile strain on net section of upper plate 60,210 

Compressive strain on bearing surrace of rivets 56,980 

Shearing strain on rivets 63,770 

S. Ex. 1 8 
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Fractured end of upper plate, Joint No. 294, showing granular and ailky appearance in 

No. 296.— J" Steel Plate. Joint A. A . • 

"T 



samemeUd. 



'1"" 







T 



,1 

X 



^/y'^H^ 




i^>i 



If' iron rivets, "Burden's best.^ 

Punched holes: Punch, V^ diameter; die, l^V'' diameter. 

Square Inchea. 

Gro86 sectional area of plate 4.97 

Net seotional area of plate 2.42 

Bearing surface of rivets 2.56 

^hearing area of rivets (1" diameter) 3.93 



lioada ap* Elongation in . Permanent 
plied. 10 inches, i 



Pounds. 
ft, 000 
10,000 
20,000 
80,000 
3ft, 000 

ft,o<r 

40,000 
4ft, 000 
50,000 
ftft,000 
to, 000 
65,000 
70,000 
75,000 
80.000 
85,000 
90.000 
100,000 
110, 000 

120,000 



Inch. 
0. 
.0005 
.0018 
.0038 
.0060 



.0088 

.0110 

.0130 

.0165 

.0210 

.0248 

.0800 

.0360 

.0480 

.0625 

.10 

.14 



Inch. 



.0010 



Bemarks. 



Joint opened perceptibly. 



Joint open ''.01. 

Sharp snapping sound heard. 
Sharp snapping sound repeated 

at 104,500 pounds. 
Ultimate strength. 



Broke suddenly across rivet holes; appearance of fracture granular; 



no contraction. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 115 

Maximum loade on joint. 

Pound! per sq. inch. 

Tension strain on gross section of plate 24,145 

Tension strain on net section of piatp 49,590 

Compression strain on bearing surface of rivets 47, 060 

Shearing strain on rivet* : 30,540 

Photograph of fractured sectiona, upper plate, Joint No. 295. Granular fraotnrea produced in the lap 
oint. 







Specimena cut out of ft-aotured plate A A • • No. 295. Teated hy direct tension. 

Sheet cnt in two at middle. 

One-half prepared with milled grooves. 

One-half prepared with pauched grooves. 

No. 316. — Milled Specimen. 




Sectional area, ''.982 x ".495 = .486 square inch. 

Ultimate strength, 32,850 pounds = 67,600 pounds per square inch. 

Area at firacture, ''.88x".33 = .290 square inch. 

Contraction of area, 40.3 per cent. 

Silky fracture ; spongy line through center. 

No. 317. — Punched Specimen. 




Sectional area, ''.98 x ".501 = .49 square inch. 
Ultimate strength, 32,790 pounds = 66,920 pounds per square inch. 
Area at fracture, ".92x".36 = .33 square inch. 
Contraction of area, 32.7 per cent. 

Appearance of fracture, silky, with slight granular appearance at 
center. 
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No. 619.— J'' Steel Plate. Plates . 



S 
^"^ 



^ 

•^ 




T 






ir/y - ^': ^ ^jjn" 



L 




•t^' iron rivets, "Burden's besf 

Punched holes: Punch, V diameter; die, 1//^ diameter. 

Sqoare inche*. 

Grofls seotioual areaof upper plate 5.02 

Net sectional areaof upper plate 8.39 

Bearing surface of rirets 5.86 

Shearing areaof riyets 7.85 



1 1 Loads ftp- 
j pUed. 



PoundM, 

5,000 

10,000 

20.000 

30,000 

35,000 

5,000 

40,000 

45,000 

50,000 

5,000 

55,000 

00,000 

65,000 

70,000 

5,000 

75,000 

80,000 

85,000 

90.000 

05.000 

100,000 

105,000 

110,000 

115,000 

120,000 

125, COO 

130,000 

154,400 



Elongation In 
10 mohM. 



Permanent 
set. 



Bemarka. 



Inch. 

0. 

.0006 
.0020 
.0040 
.0052 



Inch, 



.0008 
.0080 
.0008 



.0120 
.0140 
.0166 
.0190 



.085 
.035 
.04 
.05 
.05 
.06 
.06 
.07 
.07 
.07 
.08 
.085 



.0010 



.0045 



.0110 



Micrometer remored. 
Elongations mesaoredwith diTid- 
ers. 



Ultimate strength. 



Fractured upper plate across line of rivet holes. 

Five of the fractured sections broke suddenly, with granular appear- 
ance and without contraction of area. 

The sixth end section had silky appearance, the metal drawing down 
before breaking. 
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Maximum loads on Joint, 

Pounds per tq. laoh. 

Tensile strain on gross section of upper plate 30,757 

Tenaile strain on net section of upper plate 64,602 

Compiessive strain on bearing surface of rivets 29,354 

Sbeariog strain on rivets 19,670 

No. 620.— .J" Steel Plate. Plates . • 

(Duplicate of .) 

Same style of joint as Ko. 619. 

Upper plate, ICV' x ".501. 

Under plate, 10'' x ''.502. 

H" iron rivets, "Burden's best.'' 

Punched boles: Punch, 1" diameter; die, 1^" diameter. 

Square inohet. 

Gross sectional area of upper plate 5.01 

Net sectional area of upper plate 2.39 

Bearing surface of rivets 5.25 

Shearing area of rivets 7,85 



Loads ap- lElonsation in; Permanent 
plied. I lOmchee. Bet 



Pounds. 

5,000 

10,000 

20.000 

30,000 

35,000 

5,000 

40,000 

45,000 

50,000 

5.000 

65,000 

00.000 

69,000 

70,000 

5,000 

75,000 

80,000 

85,000 

90,000 

05,000 

100,000 

5,000 

105,000 

110,000 

115, 000 

130,000 

130,000 

140,000 

150,000 

154.200 



Inch. 
0. 

.0005 
.0018 
.0085 
.0048 



.0060 
.0070 
.0080 



Inch. 



Remarks. 



.0012 



.0080 



.0108 




.0195 




.0118 




.0162 






.0090 


.0198 


.0230 




.0268 





.0805 
.0348 





Micrometer removed. 
Ultimate strength. 


.0390 






.0268 


.07— 


.07— 




.07— 




:S+ 






.10 




.14 














Fractured upper plate across line of rivet holes. 

Broke suddenly, fractures granular. No contraction of area. 

Maximum loads on Joint. 

Poands per sq. inch. 

Tensile strain on ^ross section of upper plate 30,778 

Tensile strain on net section of upper plate 64,519 

Compressive strain on bearing surface of rivets 29,371 

Shearing strain on rivets 19,644 
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SINGLE AND DOUBLE RIVETED LAP JOINTS, f " STEEL PLATE. 

No, 734.— §" Steel Plate. Set A . 






iO 

o 

iO 



*^ 



i 



1 
I 
i 

^ 

I 




1.^0 



"sr > 



V steel rivets, hand-driven. 

Punched holes: Punch, 1^^" diameter; die, 1^" diameter. 

Square inches. 

Groes sectional area of plate f>.83 

Net sectional area of plate 3.11 

Bearing snrface of rivets 2.72 

Shearing area of rivets 3.55 



Loads ap- 
plied. 



Elongatioii inl PemianeDt 
10 mches. I set. 



Poundi, 
6,000 
10,000 
20,000 
80,000 
40,000 
50,000 
00,000 
85.000 
70,000 
76,000 
80,000 
85,000 
90,000 
100,000 
110,000 
120,000 
180,000 
140,000 
154,400 



Inch. 
0. 

.0008 
.0018 
.0036 
.0068 
.0108 
.0100 
.0188 
.0225 
.0280 
.0848 
.0456 
.0600 
.09 
.14 
.17 
.22 



Inch, 



Remarks. 



Slight snapping soand at 132, 000 

pounds. 
Ultimate strength. . 



Sheared rivets. 

Average elongation of rivet holes, ^M5. 

Maximum loads w joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 2&480 

Tensile strain on netsection of plate 49,650 

Compressive strain on bearing surface of rivets 56,760 

Shearing strain on rivets 43,490 
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No. 735. — g'' Steel Plate. Set A . • 

Duplicate of A . No. 734. 

Upper plate, 9^'.50 x ''Ml. 

Under plate, 9''.50x'^613. 

V steel rivets, hand-driven. 

Punched holes: Punch, 1^^' diameter; die, 1^'' diameter. 

Square l&ehe*. 

Oram sectional area of under plate 5. 82 

Net sectional area of under plate 3.10 

Bearing surface of rivets 2.72 

Shearing area of rivets • 3. 56 



Loads ap- 
plied. 



Blongation In 
10 mohes. 



Poundt. 
6,000 
10,000 
20,000 
80,000 
35,000 
40.000 
45,000 
50,000 
55.000 
80,000 
65,000 
70.000 
75,000 
80,000 
85^000 
90,000 
100,000 
110,000 
140,000 
163,000 



Inch. 
0. 

.0008 
.0018 
.0031 
.0040 
.0050 
.0006 
.0082 
.0105 
.0128 
.0152 
.0185 
.0220 
.0280 
.0870 
.0570 
.09 
.13 
.28 



Perma&ent 



Inch. 



Remarks. 



Ultimate strength. 



Sheared rivets. 

Average elongation of rivet holes, 'Ml. 

Afaximum loads on Joint 

Poanda per so. inoh. 

Tensile strain on gross section of under plate 28, 110 

Tensile strain on net section of under plate 5*^,770 

Compressive strain on bearing surface of rivets 60, 150 

Sliearing strain on rivets 46,080 

Ko. 736.-1'' Stbbl Plate. Set C . 



.1 
>5 




I 



.5 




1" steel rivets, hand-driven. 

Punched holes: Punch, l^fe" diameter; die, 1^" diameter. 
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Square inobea. 

Gross sectional area of upper plate 5.81 

Net sectional area of npper plate : 3.10 

Bearing surface of rivet« 5.43 

Shearing area of rivets 7.09 



Loadfl ap- 
pUe<L 



Poundi. 

5,000 

10,000 

20.000 

30,000 

40,000 

50,000 

60,000 

65,000 

70.000 

75,000 

80,000 

85,000 

90,000 

05,000 

100,000 

105.000 

110, 000 

115,000 

120.000 

140,000 

160,000 

190.000 

216,000 



Elongation in' Pennanent 
10 inches. | set 



Inch* 
0. 

.0006 
.0018 
.0030 
.0058 
.0080 
.0120 
.0148 
.0175 
.0208 



Inch. 



Remarks. 



.0275 1 




.0309 1 




.0338 1 


1 




1 


.0405 


1 


.0440- 

.0488 


1 


.0540 




.08 




.14 


1 


.29 


1 




Ultimate strength. 1 


1 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 37,180 

Tensile strain on net section of upper plate 69,680 

Compressive strain on bearing surface of rivets 39,780 

Shearing strain on rivets 30,470 

Fo. 737.-1'' Steel Plate. Set C . . 

Duplicate of C • No. 736. 

Upper plate, 9''.50x''.612. 

Under plate, 9''.50x''.616. 

V steel rivets, hand-driven. 

Panched holes: Punch, l-i^'' diameter; die, l^V' diameter. 

Square inches. 

Gross sectional area of upper plate 5.81 

Net sectional area of upper plate 3.10 

Bearing surface of rivets 5.43 

Shearing area of rivets 7.09 



Loads ap- ' Elongation in' Permanent 
" ' 10 inches. 



plied. 



Pounds. 

5,000 

10,000 

20.000 

30,000 

40.000 

50.000 

00,000 

70.000 

80.000 

90,000 

100. 000 

110.000 

130,000 

160,000 

175, 000 

208,000 



Inch, 
0. 
.0008 
.0021 
.0040 
.0008 
.0102 
.0160 
.0220 



set. 



Inch, 



Bemarks. 



.0340 

.0420 




.0480 1 




.07 1 




. 14 




...... ........1...... ........ 


Snapping sound heard, 
irit&nate strength. 




' 1 
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Fractured upper plate across line of rivet holes. 

Fracture granular^ radiating from rivet holes; metal not drawn down. 

Maximum loads on joint, 

, Ponnds per tq. Inoh. 

Tensile strain on ^ross section of upper plate 35,800 

Tensile strain on net section of npper plate 67,100 

Compressive strain on bearing surface of rivets 38,300 

Shearing strain on rivets 29,340 

SINGLE AND DOUBLE RIVETED LAP JOINTS, f" STEEL PLATE. 

No. 726.— f' Steel Plate. Set A . 




< .?.»- > 



1^'' steel rivets, hand-driven. 

Punched holes: Punch, 1^^" diameter; die, l^^jf diameter. 

Square inohet. 

Gross sectional area of upper plate 7. 39 

Net sectional area of upper plate 3.75 

Bearing surface of rivets 3.64 

Shearing area of rivets 4. 43 



Loads ap- 
plied. 



Pound*. 

5,000 

10,000 

20,000 

30,000 

40,000 

50.000 

55.000 

60,000 

65,000 

70,000 

75,000 

90,000 

100,000 

110, 000 

120,000 

130,000 

140,000 

149,900 



Elongation in 
lOinchea. 

Inch. 
0. 

.0002 1 
.0009 
.0020 
.0038 ■ 


Permanent 
set. 

Inch. 


Bemarka. 


Sharp snapping sound heard. 
Ultimate strength. 








.0090 




. 0120 1 




. 0150 




. 0185 




.0220 




.0255 




.05 




.00 




.09 




.14 




.16 1 




1 .21 








' 



Fractured upper plate. Appearance of fractures granular, radiating 
from rivet holes without contraction of area except end section Aj 
which is silky, and metal well drawn down. 

Broke suddenly with loud rejwrt. 

Lower plate bent to an angle of about 11<^. 
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Majtimnm loads on joint 

PonndB per sq. inch. 

Tensile strain on gros8 section of upper plate ^,280 

Tensile strain on net section of upper plate *.... 39,970 

Compressive strain on bearing surface of rivet^. 41,180 

Shearing strain on rivets 33, 840 



No. 727. — I'' Steel Plate. Set A . 




) 






2 



li'^ steel rivets, hand-driven. 

Punched holes: Punch, 1^*^" diameter; die, l^sV" diameter. 

Square inche«. 

Qtoss sectional area of upper plate . 7.38 

Net sectional area of upper plate 3. 73 

Bearing surface of rivets 3. 64 

Shearing area of rivets 4. 4ti 



LoadH ap- i Elonnti<m ini PenDancnt 
plied. ! 10 uohee. I set. 



RemarlcB. 



Pounds. 

5,000 

10.000 

20.000 

80,000 

86.000 

40,000 

45,000 

60,000 

56,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

05,000 

100,000 

110,000 

120,000 

130,000 

140.000 

176, 700 



Inch. 
0. 

.0001 
.0010 
.0022 
.0080 
.0040 
.0052 
.0072 
.0100 
.0128 
.0160 
.0190 
.0225 
.0260 
.0810 
.0860 
.0415 
.0500 
.09 
.U 
.15 
.20 



Inch. 



Ultimate strength. 



Fractured upper plate, 
granular. 
Ko contraction of area. 



Broke suddenly with loud report. Metal 



Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 12S 



Maximum loads an juint. 

Pounds per sq. inch. 

Teusito straiu on gross section of upper plate 33,940 

Tensile strain on net section of upner plate 47, 370 

Compressive strain on bearing suriace of rivete 48»540 

Shearing strain on rivets 39,890 

Kg. 728.— J" Steel Plate. Set C • 



■■f 



X 




xj^so X ^/zs y.^s> 




T 



i 

H 

« 



1^" steel rivets, hand-driven. 

Panelled holes: Punch, 1-^" diameter; die, 1^ diameter. 

X ' Squftre inches. 

Gross Hectioual area of upper plate 7.83 

Net sectional area of upper plate 3.70 

Bearing surface of rivets 7.26 

Shearing area of rivets 8.86 



Loads ap- 
pUed. 



Elongation in. Permanent > 
10 raches. set ! 



Kemarka. 



Pound*. 


Inch, 


5,000 1 


0. 


10,000 


.0002 


20,000 ' 


.0011 


30,000 


.0025 


40,000 


.0040 


50,000 


.0062 


60,000 


.0092 


65,000 


.0116 


70,000 


.0135 


76,000 


.0160 


80,000 


.0182 


85,000 


.0208 


90,000 


.0240 


05.000 


.0268 


100,000 


.0300 


120,000 


.04 


140,000 


.06 


160,000 


.08 


181,200 





Inch, 



{ Joint open ".01. 



Snapping sonnd. 
Ultunate atrengih. 



Fractured upper plate, granular fractures radiating from rivet holes y 
hard appearance of metal next punched holes ; metal not drawn down ;. 
exception, one end section has silky appearance, with metal well drawn 
down. Broke suddenly with loud report. 

Lower plate bent about 5o. 
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Maximum loads on joint 

rounds per sq. inch. 

Tensile strain on gross section of upper plate 24,720 

Tensile strain on net section of upper plate 48,970 

Compressive strain on bearing snriace of rivets 24,990 

Shearing strnin on rivets 20,450 

Xo. 729.— I" Steel Plate. Set O . . 

Same style of joiut as No. 728. 

Upper plate, 10'' x '^739. 

Under plate, 10" x ''.735. 

IJ" steel rivets, hand-driven. 

Punched holes : Punch, l-^^" diameter; die, 1^" diameter. 

Square inohes. 

Gross sectional area of upper plate 7.39 

Net sectional area of upper plate 3. 74 

Bearing surface of rivets 7.30 

Shearinig area of rivets 8.86 



Loads ap- 
plied. 



I I I 

! Elonsation in Permanent I 
i 10 inohea. I aet. i 



Remarks. 



Pounds. Inch. Inch, 

6,000 0. 

10,000 .0006 ' 

20,000 .0018 

80,000 .0031 

40,000 .0050 ' 

60.000 .0080 

66,000 .0102 , 

60,000 .0128 

85,000 .0160 

70,000 .0168 I 

76,000 .0188 

80,000 .0208 ! 

86,000 .0280 

90,000 .0250 

95,000 .02€0 

100.000 .0302 

120,000 .04 1 

140,000 .07 I ^ 

160,000 .09 

177,700 , , Ultimate strength. 



Fractured upper plate across row of rivet holes. 

Fractures granular, radiating from rivet holes ; four sections broke 
simultaneously ; one end section broke last, at 170,000 pounds load ; 
sharp snapping sound heard, the load falling slightly at the same time. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 24, 050 

Tensile strain on net section of upper plate 47,510 

Compressive strain on bearing sunace of rivets 24, 340 

Shearing strain on rivets 20,060 
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Tensile tests of J" iron and steel groov^ specimens. 

To determine the effect upon the tensile strength of the metal| of 
grooves,, punched and drilled, v^arying in diameter, also varying the 
width of the specimens at the bottom of the grooves. 

FORM OF SPECIMENS. 






Each specimen reinforced by the same width of metal, J.=l".10, fiom 
the bottom of the groove to the side of the plate. 

Diameters of drilled grooves: J", J", J", 1". 

Diameters of punched grooves: Punch ,^,j", die |"; punch ^", die 
die If" ; punch 1", die 1 j^«". 

Tensile tests of J" grooved specimen tcrought iron. 







' o 

1 '^ ^ 


H 


c 


i 


Ultimate strength. 




J; 


Plato. 


1 O <D 

1 s £ 




ii 


1 


Actual 


Pounds , Remarks. 


- - r 


5 


i^2 




J_ 


pounds. 


per 
sq. inch. 


' 


Inch. 


' Inch. 


Inch. 


Sq. in. 






92 


Punched. 


ij 


1 .48 


.240 


.115 


5, 5.10 


48. 090 


93 1 


...do... 


' Zi 


.46 


.235 


.108 


5,070 


46.940 


94 1 


.. do .... 




.46 


.241 


.111 


5,470 


49. 280 


95 


... do.... 


' 5 


.49 


.240 


.118 


6, 530 


55, 340 


96 1 


...do. .. 


1 


.44 


.239 


.105 


5,410 


51. .520 


97! 


...do.... 


■ 1 


.47 


.241 


.113 


5,640 


49, 910 


98 , 


.. do .... 


' A 


.97 


.247 


.240 


11.890 


49, .-»40 


90 , 


...do.... 


' )i 


.98 


.247 


. 242 


12, OIK) 


49,960 ; 


100 1 


...do ... 


i 


.94 


.249 


. 234 


11,730 


50, 128 , 


101 , 


...do .... 


I 


.96 


.248 


.238 


11, 100 


40,900 


102 . 


...do ... 


1 


.98 


.250 


. 245 ' 


11,610 . 


46. 980 


103 i 


...do.... 


1 


.96 


.251 


.241 


11, 170 ' 


46,3.50 1 


104 , 


...do.... 




1.47 


. 250 


.368 ' 


13.850 1 


37,636 ! 


105 


.. do .... 




1. 50 


.252 ! 


.378 ' 


14,110 


37,326 , 


106 ; 


...do.... 


; 1 


1.48 


.249 


.369 


15, 140 j 


41,030 ; 


107 1 


...do.... 


i 


1.48 


.247 , 


.366 , 


14,450 1 


39,480 


108 ' 


...do.... 


1 


1.47 


.250 . 


.368 ' 


13, 780 


37,446 1 


109 i 


...do.... 


1 


1.45 


.251 , 


.364 


14, 390 , 


39,533 . 


110 


...do...- 


1 A 


1.96 


.281 ' 


.551 1 


23.800 


43,194 


111 1 


...do.... 




1.96 


.274 1 


.534 1 


25, 360 


47, 490 


112 1 


...do.... 


> a 


1.95 


.282 ' 


.550 . 


22, 750 


41,360 


113 1 


...do..-. 


1 


1.92 


.279 


.536 i 


23, 090 


43,080 


114 1 


...do .... 


1 


2.03 


.250 1 


. .508 ' 


20, 900 


41,140 


115 


...do.... 


. 1 


1.99 


.248 


.494 


19,550 


39. 575 


116 


...do.... 


1 A 


2.42 


.280 


.678 1 


24,550 ; 


36,210 ; 


117 1 


...do.... 


}, 


2.40 


.245 


.588 ' 


24,840 


42,245 


118 1 


...do...- 


; i 


2.47 


.243 


.600 . 


25,340 1 


42,233 1 


119 ' 


...do.... 


1 


2.48 


.285 


.601 1 


25,670 ' 


42,712 . 


120 1 


...do... 


1 


2.48 


.245 ' 


.608 


23,180 


38,125 




121 


...do... 


1 1 


2.44 


.248 


.605 


25. 180 1 


41, 620 




122 


...do.... 


1 A 


2.97 


.247 


.734 , 


28,600 . 


38.964 




123 1 


...do.... 


■ <« 


2.98 


.241 


.718 1 


29, 800 


41,540 




124 


...do... 




2.96 


.241 


.713 


28.500 1 


39, 972 




125 1 


... do.... 


1 i 


2.92 


.240 


.701 


29, 240 


41, 712 




126' 


... do.... 


1 


2.98 


.250 


.745 , 


30, 120 


40, 430 




127 : 

I 


....do.... 


1 


2.95 


.247 


.729 


29, 780 j 


40,850 





Remarks. — The iron plates with piniched and drilled grooves show 
that fractures began at the sides of the grooves for those specimens 
having a width of 1 J", and wider before the metal separated at the 
middle of the specimen. 

Fractures fibrous. 
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Ttnaile tests of i" grooved specimen wrouffki iron. 
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Plate. 


5 p^l 

Inch Inch. 


a 
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Sq. in. 


Actual 
I>ound8. 


Pound- Remarks. 

per 
sq. inch. 




Inch. 


'] 


128 


DriUed... 


i .51 


.249 


.127 


7,085 


55,787 ! 


129 


....do 


:; .52 


. 245 


.127 


7,100 


55.905 1 


130 


.. do 


1 .62 


.275 


.143 


8,220 


57.480 ' 


131 


.. do 


I ! .52 

1 } .49 


.276 


.144 


8.060 


56, 000 


132 


.-..do 


.248 


.122 


6, 050 


49, 600 


133 


...do 


.50 


.248 


.124 


7, mo 


56,700 ; 


134 


....do.... 


1 .47 


.275 


.129 


7.080 


54,880 '■ 1 


135 


...do .... 


1 .51 


.276 


.141 


8, 150 


57, KOO 1 


136 


.. do 


i 1.00 


.276 


.276 


]4,9ii0 


54, 300 1 


137 


.. do 


i 1.02 


.273 


.278 


16, 040 


57,700 ^ , , / 


J38 


... .do 


1. 00 
1 1.00 


. 276 


.27« 


14, 840 


.53. 800 Seam developed 


139 


...do. .. 


.280 


. 280 


14. 080 


52.430 1 half way across 


140 


....do 


1.00 


. 252 


.252 


12,4.>0 


49. 400 fracture. 


141 


...do 


1. 02 


.275 


.281 


15, IJKJ 


.'4, 060 


142 


.. do 


1 l.Ol 


.247 


. 249 


13, 140 


52, 770 


143 


. do 


1 1.00 


.27« 


.27H 


15. ISO 


54. 000 


144 


...do 


i 1.50 


.270 


.414 


20, 340 


40,130 


145 


...do. .. 


: 1.52 


.27.1 


.415 


21,290 


51, 300 


146 


.- do 


1 1.48 


. 251 


.371 


17, 520 


47, 220 


147 


....do. .. 


1.51 


1 .273 


.412 


22, 000 


53, 400 


148 


.. do 


1. 52 


; .275 


.418 


22, 6;-^0 


54,180 


149 


...do. .. 


l.-'iO 


.276 


.414 


22, 600 


54, 600 : 


150 


do 


1 1.48 


.•J74 


.406 


22, 840 


56, 250 


151 


.. do 


1 1.50 


.249 


.374 


17, 300 


46,260 1 


152 


. . do 


\ 2 01 


. 275 


.553 


25, 380 


45,900 


153 


... do 


. i 1 2.05 


.279 


.572 


26, 780 


46.820 1 


154 


.. do 


, i ' 2. 00 


.275 


.550 


26, 370 


47; 950 


155 


...do 


\ 2. 00 


.278 


. 5.">6 


27,600 


49, (UO 1 


156 


... do 


3 2. 00 


.288 


.572 


25. 540 


44, 650 Open weld in roll- 
50. 780 mg at fracture. 


157 


...do 


a 2. 00 


.275 


.550 


27, 930 


158 


.-..do 


1 2. 02 


1 .279 


..^64 


27,550 


48,8.^.0 , 


159 


....do . .. 


1 1 , 2.00 


1 .277 


.554 


27. 610 


49. S40 i 


160 


...do .... 


J 1 2. 51 


1 .244 


. 012 


27, 5.10 


44. 9h0 


161 


.. do 


;; 2.52 


.280 


.706 


28, 350 


40,150 . 


162 


...do .... 


' i 2. 51 
2.50 


.282 


.708 


.'JO, 550 


43, 150 1 


163 


...do.... 


.244 


.610 


27. 700 


45. 500 1 


164 


....do 


2. 51 


.285 


.715 


33, 240 


46, 500 Small open wold ! 
49,520 ' in rolling at 


165 


...do.... 


2. 49 


1 .242 


.603 


29,860 


166 


....do 


1 2.49 


1 .242 


.603 





I fracture. 


167 


...do 


1 2.50 


' .280 


.700 


31, 350 


44,780 


168 


....do 


i 1 3. 02 


.250 


.755 


34,500 


45, 700 


160 


....do 


; 1 3.02 


.249 


. 752 


33, 740 


44,870 ' 


170 


....do.... 


1 3.00 


.240 


.720 


33, 670 


46,760 ' 


171 


....do. ... 


3. 00 
i 2. 93 


.250 


.750 


34.280 


45, 700 


172 


.-..do 


.242 


.709 


34.000 


47, 950 


173 


....do 


[ i 2.99 


.250 


.748 


36,460 


48,740 


174 


.-..do 


' . 1 ' 2. 98 


.279 


.831 


38, 140 


45,900 ; 


175 


....do 

Te 


1 1 3.01 

nsile tests 

'•ii 


.281 

o 


.846 


37, 570 

I specimer 

Ultimate 


44,410 , 

_J 




jroovec 

5 


s steel plate. 






strength. , 


1 


Plate. 


u9 **2 

5 ^1 


o3 
a <s 


1 


Actual 


Pounds R«°»ark«. 1 


J? 




1 


.!__ 


pounds. 


per ' 
sq. inch. ; 






Inch Inch. 


Inch. 


Sq.in. 






176 


Punched.. 


A .49 


.250 


.123 


8,010 


65, 120 ' ' 


177 


... do 


A -47 


.249 


.117 


7,840 


67,010 


178 


....do 


i .48 


.249 


.120 


7,610 


&3, 420 


179 


uo 


J .48 


.248 1 


.119 


7, 920 


66,550' , 


180 


....do 


1 .48 


.247 


.119 


7,980 


67,060 1 1 


181 


....do 


1 .47 


.248 


.117 


7,640 


65, .300 ; 


182 


....do 


^e i .»9 


.249 


.246 


14, 720 


59.840 1 1 


183 


....do 


i 1.01 


.2.50 


. 2.50 


15, .540 


62, 160 ' 


184 


....do 


.249 


.251 


17, 130 


68, 246 1 


la*) 


....do 


i , .96 


.250 


.240 


16, 160 


67. 330 


186 


....do 


1 i .96 


.248 


.238 


15, 700 


65,966 


187 


....do 


1 1 .95 


.245 


.233 


14, 610 


62,700 ! 


188 


...do 


A 1.45 
i . 1.45 


.248 ' 


.360 


23. 070 


64,080 


189 


....do 


.252 


.365 




23,360 


64,000 , 
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lensile lexts of \" gi'oored specimens sieel pJate — Continued. 



S 



Plate. 



I 



5 >l ,H 1 c^ 



Ultimato strength. 



Actnal I 



Founds 
per 



pounds. ^ ^^^''r-^h 



Keniarkn. 



190 I. 

191 1. 

192 I. 

193 . 

194 1. 

195 !. 

196 L 

197 i. 

198 . 

199 . 

200 . 

201 ,. 

202 ,. 

203 1. 

204 . 



..do.. 
..do.. 
..do. 
. do . . 
..do. 
. do . 
..do . 
.do.. 
. do., 
.do .. 
..do.. 
..do . 
..do.. 
..do .. 
..do.. 



Inch Inch. 



1.45 
1. 51 
1.96 
1.93 
1.98 
1.96 
2.49 
2.47 
2.43 
•i.95 
3.01 
3.04 
2.97 
2.98 
2.97 



Inch. 
.249 
.251 
. 250 
. 252 
.250 
.251 
.249 
.249 
.250 
. 251 
.249 
.253 
.252 
.251 
.249 



Sq.in, 
.361 , 
.379 
.490 
.486 

.495 ; 

.492 
.620 
.616 

.608 ; 

.740 
.74!! ' 
.769 
.748 I 
.748 , 
.740 



22,030 
22,520 
29.350 
30,860 
29,380 
29. 060 

36, 020 
39, 300 

37, 4o0 
41. 830 
44, 030 
42. 680 
44, 920 
40. 430 
41.470 



61, 
59, 
59, 
63, 
f>9, 
59, 
58, 
63. 
61, 
56, 
.58, 
55, 
60, 
54, 
56, 



025 
420 
900 
500 
350 
060 
100 
900 
640 
530 
780 
500 
060 
050 
040 



Specimen tore 
apart from one 
edge. 



Above fractures, silky appearance. Specimens 1" wide fracture at 
tlie sides of the jrroove before breakiu|r at the center. The same re- 
marks apply to all specimens above 1" in width. 

Specimens ^'^ wide at bottom of groove break square across, leaving 
the fractured ends straight. 

Tensile tests ofi" grooved sptvimtus steel plate. 






205 ! 
206 

207 , 

208 I 

209 I 
210 
211 

212 ' 

213 1 
214 



Plate. 



Drilled. 

...do.. 

...do.. 

...do.. 

...do-. 
... do.. 
... do.. 

...do.. 
....do.. 

...di) .. 



215 ! ...do . 

216 I ...do . 



217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 



232 
233 
234 
235 
236 
287 



do .. 

...do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 

...do.. 
....do.. 
....do-. 
....do.. 
....do.. 
...do.. 
....do.. 
...do.. 
....do.. 

..do.. 
....do.. 
....do.. 
....do.. 






I «< ^ (3 



I ; Ultimate Btrength. 






Inch. 


Inch. 


\ 


:.S 


if 


.53 


i 


.5e 


'i 


' .51 


i 


.51 


1 


; .52 


1 


.52 


: . 


1.03 


■ ■ 


t 1.02 



1.02 

1.02 

i 1.01 

I 1.00 

1.00 

1.01 

1.54 

1.52 

■ 1.5t» 

1.54 

2.02 

, 2.00 

; 2.02 

' 2.50 

2.50 



Inch. 
.246 
.2i8 , 
.247 I 
.247 ! 
.249 ; 
. 250 I 
.248 
.252 I 
. 247 i 
. 2:»0 
.246 ' 
.250 ' 
.247 
.251 
.247 
.2.50 
.260 
.251 
.253 
.248 
.252 
.251 
.251 
.248 
.252 



2.53 


.248 


3.03 


.261 


3.00 


.249 


3.02 


.261 


3.02 


.260 


3.00 


.250 


3.00 


.251 


3.03 


.252 



Actnal 
pounds. 



Pounds 

per 
sq. inch. 



Area at fracture. 



So. in. , 
.128 
. 134 ; 
.131 
.123 , 
.127 ' 
.128 I 
. 129 ' 
.131 
.254 ; 
.255 I 
.251 
. 255 
.249 
.251 
.247 
.263 
.385 
.382 i 
.380 
.382 
.609 
.502 
.507 
.620 , 
.630 
.627 
.761 ■ 
.747 1 
.758 ' 
.756 , 
.750 I 
.753 I 
.764 i 



8.690 
9,000 
8,760 
8, 070 
8. 430 
8, 630 
8,740 
H. 110 
17, 040 

16. 930 
16.760 

17, 270 
16,440 , 
16, 820 I 
15,920 
16,720 
24.790 , 
24,200 
24,460 ' 
24,790 I 
32,740 
31,610 
30.880 
36,740 
39,850 
37. 240 
46,860 
44,130 
45. 140 
45.070 
47,630 
44,150 
48,850 



67.890 

07,160 ".47X'.12 -.056 square inch. 

66,870 

6.5, 610 ' 

66,370 

67.420 I 

67,750 

61,910 



66,390 
66,770 I 
67.730 
66.020 
67,010 I 
G4,450 I 
66,090 
64,390 
63,350 ' 
64,370 : 
64.895 
64.320 ' 
62.970 I 
60,910 , 
69, 260 J 
63,250 I 
59,390 
61. 577 
59.080 
.59.660 
59,700 
63,870 
68.630 
63,940 



".41 X ".12 = .049 square inch. 
".95 X ".13 = .124 square inch. . 
".92 X ".13 = .120 square inch. 
".90 X ". 13 = .117 square inch. 
".89 X ".13= .116 square inch. 



ii 



§ 

Pr,cL ♦ 
6812 



62.6 
51.4 
53.0 
58.4 
.54.1 



Above fractures silky in appearance. 
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144 TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



5 



lensih tents of\" grooved spedmens steel plate— Coni'm\\Oi\, 



lo ' ^ 

Plate iS ^ * »c • 5 « 

i'lftte. ,"§2 I ^«g |g« 



5l.H 



£ 



ntimato strength. 



i El ? - I «'S- 5 Actual 



Founds 
per 



poundB. ^^^^^ 



Remarks. 



Inch Inch. \ Inch. Sq. in. 

IDO ....do 1 I 1.45 , .249 .361 < 

191 |..-.do 1 l..>l .251 .379 

; 192 ' ... do ,»a 1. 96 . 250 .490 

193 ... do a 1.93 .252 .486 

: 194 .....do . .. 1 ' 1.98 I .250 .495 

195 I... do . .. 1 L96 .251 .492 : 

i 196 [....do .... ,»„ 2.49 ! .249 .620 

197'...do. .. 3 ' 2.47 .249 .615 

I 198 ... do ... . 1 2. 43 . 250 . 608 , 

199 ... do ,'b 2. 95 t . 251 . 740 

I 200 ....do ^\^ 3.011.249 .74J» 

201 |....do . .. 3 3.04 .2:>3 .769 

202 '....do I [2.97 .252 .748 

203 [....do 1 2.08 .251 .748 

[204 I.... do 1 12.97 .249 .740 



22,030 . 
22,520 ; 
29. :i50 
30.860 
29.380 
29. 060 
36, 020 
39.300 . 
37,480 I 
41.830 I 
44,030 
42.680 I 
44.920 I 
40.430 I 
41.470 I 



61, 025 
59,420 
59, 900 
63,500 
.'>9, 350 
59,060 
58,100 
68.900 
61,640 
56, 530 
58, 780 
.55.500 
60,060 
54, 0.50 
56,040 



Specimen tore 
apart from one ' 
edge. 



Above fractures, silky appearance. Specimens 1" wide fracture at 
tlie sides of the groove before breaking? at the center. The same re- 
marks apply to all specimens above 1" in width. 

Specimens ^" wide at bottom of groove break square across, leaving 
the fractured ends straight. 



Tensile tests of i" grooved sptcimehs steel plate. 






Plate. 



u .^ 






Ultimate Htreu^th. 



Il I'sMi I Actual P'X'^' 
g " 3 c I •= r pounds. P.**"^ . 



205 : Ih-nied. 

206 . . do . . 

207 ...do.. 

208 '....do .. 

209 |....do .. 



Inch.] Inch. 



210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
3:« 
333 
234 
235 
336 
237 



. . do . 

. . do . . 
....do.. 
...do . 
....do .. 
....do.. 

. . .do . . 
...do .. 

...do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do-. 
....do.. 
...do.. 
....do.. 
...do.. 
....do.. 
....do.. 
...do.. 
....do . 
....do.. 
....do.. 

...do.. 

...do.. 

...do.. 
....do.. 



.54 

. 5.'J 

.59 

.51 

..".1 

.52 

.52 

1.03 

1.02 

1.02 

1.02 

1.01 

1.00 

1.00 

1.01 

1.54 

1.52 

1.50 

1.54 

2.02 

2.00 

2.02 

2.50 

2.50 

2.53 



Inch. 

.246 

.248 

.247 

.247 

.249 

.2.50 

.248 

.2.52 

. 247 

. 2.'>0 

. 246 

.250 

, .247 

I .251 

.247 

.2.50 

.250 

! .251 

.253 

.248 

. 252 

.251 

.251 

; .248 

' .2.52 

.248 



3.03 


.251 


3.00 


.249 


3.02 


.251 


3.02 


.250 


3.00 


.250 


8.00 


.251 


3.03 


.252 



Stj. in. , 
.128 
. 134 , 
.131 
.123 
.127 ' 
.128 , 
.129 ! 
.131 I 
.254 
. 255 ' 
. 251 
. •J5.'> 
.249 
.251 
.247 

.25:j 

.385 
.382 , 
.380 
.382 
. .509 
. 502 
.607 , 
.620 
.630 
.627 
.761 
.747 , 
.758 I 
.755 
.750 I 
.753 I 
.764 ' 



8.690 
9,000 
8,760 
8. 070 
8. 430 
8.630 
8.740 ' 
8,110 
17, 040 

16, 9.30 
16.760 

17. 270 
16. 440 
16, 820 i 
15.920 
16, 720 
24,790 I 
24,200 I 
24, 460 ' 
24.790 , 
32. 740 I 
31,610 I 
80,880 
36,740 I 
39.850 , 
37. 240 ' 
46,860 i 
44,130 
45,140 
45.070 
47, 530 
44.150 
48,850 



67,890 

67, 160 

66,870 

0.5. «10 

66,370 

67,420 

67, 750 

61,910 

67.090 

66,390 

66.770 I 

67,7:<0 

66,020 

67,010 I 

64,450 

66,090 

64,390 

63,350 

64.370 

64.895 

64.320 

62,970 

60,910 

59,260, 

63, 2.50 

50.890 

61. 577 

59.080 

59,550 

59,700 

63,370 

58,630 

68,940 



Area at fracture. 



s 



I 



".4TX'.12 -.056 square inch. 



Pr.et. ♦ 
.< 56.2 



'.41 ; 



'.12 = 



".95X".13=:.: 
".92X".13 = 
".90X".13 = 
".89X'M8= 



049 square inch 


62.6 


124 square inch.... 


51.4 


120 square inch 


53.0 


117 square inch.... 


58.4 


116 square inch 


54.1 



Above fractures silky in appearance. 
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Width or specimens at bottom of groove i. 



S- Ex, 1 face'ih 145 ^2 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 145 

^Remarks. — Specimens with J" groove 1" wide fracture first at aiilea, 
thence tearing to tlie center of the part tested. 

Specimens with ^" groove 1" wide break square across, the fracture 
taking phice at thesame time over the full width. 

Specimens with f gioove fractured in the same manner as the i" 
grooved ones. 

Specimens with 1" groove 1" wide separate first at the middle. 

Specimens 3'' wide all fractured irregular across plate, those with 
narrow gr«>oves showing the greatest convexity of fractured ends. 




Photogi*aph of grooved specinu'n, No. 220, RhowiDg tbedevelopeinf^ntof "Cooper linen." 

The test of this specimen was discontinued after the ultimate strength 
had been determined and before fracture took plaee. 



S. Ex. 1- 



-10 
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146 TESTS OF IBON AND STEBL AND OTHER MATERIALS. 

Tegis to determine the ultinuUe reiUtance of plate seel to tearing out at 

rivet holee. 

i" Steel Flate. 

Qaality of m^tal from tensile test : 
Elastic limit, 40,860 pounds per square inch. 
Ultimate strength, 55,760 pounds per square inch. 
Unifonn elongation after fracture, 20 per cent. 
Ck>ntraction of area at fracture, 56.5 per cent. 
Appearance of fracture, silky. 
Steel plate of y' nominal thickness of .the form shown by sketch. 




i" drilled hole spaced at distance A from the end of plate. Value of 
A running from V to 2'% advancing by i*\ 2 specimens of a kind. 
1^' steel pin used in |'^ boles. 

No. 469. 

Distance from center of hole to edge of pla4)e, 1'^ 

Thickness of plate, ^^246. 

Diameter of hole x thickness = '^625 x '^246 = .154 square inch. 




Bemftrks. 



Poundi. 
8,600 
5,000 
7,000 
8,000 

9.000 
10,000 
12,000 
18,000 
14,000 
15.000 
10^000 
10,150 

10,200 



Inch. Inch. 
.01 0. 
Ko further nluuige. 
.01+ ; About .OOi 
.02 #.... 



.02* 

.04 

.06 

.08 

.11 

.16 

.27 



.01 

.024 

.05 



.10 



.84 



Loads roloMod to moMure penD*- 
nent elongstion of holo. 

Color ehangM firont of hole. 

Color chAogM ftont of hole; 
wider strip ooTors. 

Scale starts ftoDt of hole. 



Hole widens traasTersely sboat 

".OOJ. 

Depth fhmt of hole, ".57, showing 
arednotionof'Ml. 

Ultimate stiength s 105,100 
pounds per square inch on the 
compression area of hole. 



Test discontinued before the metal separated ftont of hole, the per- 
manent elongation of the hole having reached '^48. 
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TEST8 OF IRON AND 8T££L AND OTHEB MATBRIAL8. 

Na 470. 
Duplicate of No. 469. 
Thickness of plate, ^'.250. 
Diameter of hole x thickness ('^625 x .260) =;: .156 square inch. 



147 



I Loads ap- 
I plied. 

I 

Poitndi. 
8,300 

< 4,aoo 

8,800 
10,600 
UOOO 
18,000 
! 14,000 
IS^OOO 
18,380 



Eloncatlon 
of Sole. 



Semarks. 



Jnek, 



•00| 

.01 

.02 

.08 

.05 

.07 

.11 

.16 

.38 



\ Ultimate atrengtli^ 105,000 ponnda j 
per aqiiaie inch oompresnon. I 



ISO. 471. 



Thickness of plate, . 

Distance from center of |^^ hole to end of plate, r^23. 
Oomprescdon. area^ ".^x"'626 = .166 square inch. 
Micrometer dial applied for getting measurements. 



Loads ap* 
plied. 



Pounds. 
1,000 
1,500 

^•??! 
2.006 

2,600 
3,000 
3.500 
1,000 
4^000 
4,600 
5,000 
1,000 
5^600 
8,000 
0^500 
7.000 
7,600 
8,000 
8,600 
8,000 
0,600 
10,000 
1,000 
10^600 
11,000 
12,000 
18,000 
14,000 
1»>000 
1|I»000 
20,400 



of Cole. 


Permanent 
ekmsatlon of 

Inch. 


Benarks. 


0. 


nitimatestrangthrrl80,n0poands 


.0006 






.mk 


.0011 


.0016 




.0022 




.0028 






.ooio 


.0064 


.0041 




.0046 




1 .www 

.0062 " 


.ooii 


.0061 


.,,,, 


.0071 
.0077 
.0086 
.0088 
.0101 
.0118 
.0128 
.0148 

















.60S'*** 


.0171 

.0188 

.0800 

.048 

.061 

.063 

.114 














1 





Fracture began at sides of hole. 

Total elongation when maximum strain was reached, about ''J 
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148 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 472. 
Duplicate of No. 471. « 

Thickness of plate, '^249. 

Distance from center of |^' hole to end of plate, V'.29. 
Compression area, .156 square inch. 



i 

Loads ap- 
pUed. 

1 


of bole. 


Pennanent 
elonptionof 


Bemarka. 


Poundt. 
1,000 


Inch. 
0. 


Indi. 




5,000 .0080 
7, 000 . 0190 






* 




8,000 
1,000 
9,000 
9,600 
10,000 
10 500 


.0150 




mtlmatoatraDgili=:129,860 pounds 


.0100 


.6i75 

.019 

.021 

023 








11^000 1 .026 
11,500 .080 
12, 000 037 








12,500 
18,000 
]8,500 
14,000 
16,000 
20,180 


.044 




.062 
.080 
.071 
.096 












1 



Fracture began at end of plate, firont of hole, when elongation of hole 
had reached ".57. 

ISo. 473. 

Thickness of plate, ^^250. 

Distance fh>m center of |^^ hole to end of plate, r^51* 

Compression area, .156 square inch. 



Loads ap- 


moncatton 
of Sole. 


PennaDont 


Pound*. 
1,000 
5.000 

10,000 
1,000 

11,000 


Inch, 

0. 

.0075 
.0181 


Inch. 








.0i26 


.0220 
.0240 
.0268 
.0808 
asu 


11,600 
12,000 
12,600 








18,000 




18,600 .040 
14, 000 - 047 






14,500 


.055 
.064 
.074 




15^000 
15,600 
28,900 
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No. 474. 
Duplicate of No. 473. 
Thickness of plate, ^^253. 

Distance from center of hole to end of plate, l'^51. 
Gompression area, .160 square inch. 



Loads ap- 
plied. 



Potmdff. 
1,000 
6,000 
10,000 
1,000 
11,000 
12,000 
12,600 
13,000 
18,600 
14,000 
14,600 
1^000 
15^600 
16^000 
17,000 
18.000 
19,000 
20.000 
21,000 
22,000 
24,700 



Elongation 
of E<de. 



Inch, 
I 0. 
! .0060 
i .0166 



.0106 

.0260 

.0286 

.0825 

.0886 

.0447 

.0628 

.0810 

.0703 

.0806 

.1080 

.181 

.166 

.208 

.204 

.848 



Pennanent I 

eloncationofi 

hole. I 



tneh. 



Bemarks. 



Non.— The shape of the speoi- 
men after fraotoie appean to in> 
dioate that the vltlmale stnnirth 
is somewhat lower than woolabe 
attained ifthespeetmen was wider, 
so as to prerent the metal ftom 
widening the test piece at the end. 



(ntimateatr«ngtbsl64,870poiinds i 
per square inch oompresslon. 



Failed the same as No. 473, by the metal ftont of the hole tearing 
apart. 

No. 475. 
Thickness of plate, ^'.246. 

Distance from center of hole to end of plate, V'.75, 
Gompression area, .154 square inch. 



Loads ap- 
pli«)d. 



Pounds, 
1.000 
10,000 
1,000 
10,500 
11,000 
11,600 
12,000 
12.600 
13.000 
13,600 
14.000 
14.600 
16.000 
16,600 
18.000 
16,600 
17.000 
28.700 



ElongaUon 
of hole. 


Pennanent 


Bemarks. 


Inch. 
0. 





Ultimate strength»il88,860ponnds 


.0172 




.0118 


.oioo 

.0208 
.0280 






.0268 




.0282 




.0316 




.0860 




.0880 




.0435 




.0490 




.0646 




.0820 




.0700 





.0785 













FaUed by tension at end of plate, front of hole, and also shearing at 
sides of hole. 

Scale disturbed the full width (3^^^ of the plate on either side of the 
hole. 
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No. 476. 
Duplicate of No. 475. 
Thickness of plate, ^^249. 

Distance from center of hole to end of plate, l'^73. 
Compression area, 1.56 square inches. 



Loads ap- 
plied. 



EloDMtion 
of hole. 



Pennaneut ' 

elonsationof I 

hole. I 



Bemarka. 






Poundt, Ineh. Inoh. 

1,000 0. 

10,000 .0816 

1,060 0158 ' 

18,006 .oa» 

18,960 .0866 

18,666 I .0410 

18,600 I .0456 1 

14,000 .0515 ' I 

14.500 1 .0580 

16.000 t .0660 , 

16,500 .0740 I 

16,000 I .0846 I 

16,500 .0850 i 

17,000 1 .1060 ' 

17.600 .1188 1 

18,000 I .1320 ' 

27.500 I '....^ nitiinatestrenfcth=176,280poimda 

per square inch compreaiioB. 



Tore apart front of hole, fracture beginning at the end of the plate; 
sheared out piece, width al>ont ^". 

The monnei; of failure probably would have been different with a 
wider specimen, as this specimen widened at the end in a marked 
manner. 

No. 477. 

Thickness of plate, ''.248. 

Distance from center of hole to end of plate, l''.9S. 

Compression area, .155 square inch. 



Loads ap* 
plied. 



Poufidt. 

1,000 
10,000 

1,000 
12,000 
12,600 
18,000 
18,500 
14,000 
14,600 
15,000 
15,500 
16.000 
16,500 
17,000 
17,500 
18,000 
18.600 
10,000 
31,800 



Eloncation 
of hole. 



Inch. 



Permanent ' 

elongation of 

hole. 



Inch. 



Heioarks. 



.0162 






.0110 


.0262 




.0282 
.0316 





.0360 





.0380 
.0435 
.0480 
.0680 
.0580 
.0660 
.0712 
.0788 
.0870 
.0868 
.1080 



Ultimate strenKth=205, 160 pounds 
per square inch compression. 
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Ko. 478. 
Daplicate of No. 477. 
Thickness of plate, ^^248. 

Distance from center of |'^ hole to end of j>latey 1^^99. 
Compression area, 1.55 square inches. 



LoAdaap. 
plied. 


offiole. 


; Pemument 


KemttrkB. 


Found.. 

1,000 

10,000 


0. 
.0222 


Ineh. 




I 


1 


1,000 


.0165 




12,000 


.0830 
.0400 
.0445 
.0480 
.0650 
.0000 
.0682 
.0788 
.0820 
.0016 
.1015 
.1120 




18,000 






18,600 






14^000 






14,600 






15,000 






15^600 






18.000 






18.600 






' 17^000 


' 




17,600 


':::::::::::::: 


Xntiiiukte 8trMigth=200,820poiiiidt 


18,000 
81,050 


i 


! 




1 



Details of riveted joints. 
Steel Plates— Punched Holes. 

Steel plates, from No. 469 to No. 478, inclusive, punched irM6 holes 
for %*' rivets through opposite end to that drilled. 

l^e specimens were riveted together in pairs, and afterwards the 
rivet heads were planed off and the rivets driven out. 

This leaves the punched holes in substantially the condition they are 
used in praetice. 

A steel pin, ^'.70 diameter, is used through the holes. 

Punched holes in specimens Nos. 479 to 483, inclusive, and Nos. 401 
to 405, inclusive. 
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152 TESTS. OF IRON AND STEEL AND OTHER MATERIALS. 



No. 479. 

Distance from center of hole to end of plate, 1".05. 

Diameter of hole, ^^71. 

Thickness of plate, 2'^46f 

Oompression area, ''.246 x ".70 = .172 square inch. 

End of plate was sheared. 



Loads ap- 
plied. 


^Srsfi:'"^ 


Permanent 

elongation of 

Hole. 


Remarks. 


Poundt. 
1,000 
2,000 
8,000 
4,000 
5,000 
1,000 
6,000 
6,600 
7,000 
7,500 
8 000 
8,600 
9,000 
9,600 
10,000 
10,600 
11,000 
11,600 
12,000 
12,600 
18,000 
18,600 
14.000 
14,500 
15,000 
16.500 
16,000 
10,600 
17,000 
17,150 


Inch. 


Inch. 




.0022 
.0040 
.0060 
.0077 
















.0042 




.0007 
.0104 
.0114 
.0128 
.0132 
.0142 
.0151 
.0160 
.0170 
.0180 
.0190 
.0201 
.0218 
.0282 
.0262 
.0280 
.0828 
.0892 
.0502 
.0692 
.1024 
.1502 
.2802 
.8060 




















































Ultimate strongt1i:£09,710 pounds 






'......... 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 153 

No. 480. 

Distance from center of hole to end of plate, r^02. 
Sncl of plate planed. 
Thickness of plate, '^250. 
Compression of area, .175 square inch. 



■ Loads ap- 


1 Elongation 


plied. 


of hole. 1 


1 

i Pounds. 


/ncft. 


' 1,000 


^' 1 


5,000 


.0064 1 


«,000 


.0100 1 


8,500 


.0104 


i 9,000 


. 0112 


9.500 


. 0118 1 


10,000 


.0124 1 


1 10,500 


. 0132 I 


11,000 


.0130 


11,600 


.0147 


12,000 


.0155 


12,500 


.0166 


13,000 


i .0180 


13,500 


! . 0194 


14,000 


.0214 


i 14,500 


.0240 


15,000 


.0322 


, 16,500 


.0434 


16,000 


.0594 


1 16,500 


.0874 


' 17.000 


.1374 


17,310 


. 2104 • 1 



Bemarks. 



Ultimate strength = 98,910 ponnda per tqiiare 
inch compzeaiion. 



Sheared out plate in front of hole. 

No. 481. 

Distance from center of hole to end of plate, 1^^28. 

End planed. 

Thickness of plate, ".250. 

Compression area, .175 square inch. 



1 

' Loads ap- 
1 piled. 


) Elongation 
of hole. 


Remarks. 


Founds. 


Itieh. 




1,000 


0. 




5,000 


.0048 




8,000 


.0070 




1 10.000 


.0090 




1 11,000 


.0101 




j 11,500 


.0110 




12,000 


.0119 


: 


12,500 


.0128 




13.000 


.0138 




13.500 


.0148 


1 


14,000 


.0162 


1 


t 14,500 


.0180 




16,000 


.0205 




15,500 


.0241 




16,000 


.0208 




16,600 


.0380 




17,000 


.0482 




1 17.500 


.0600 




18,000 


.0755 




18,500 


.0980 




19,000 


.1158 




1 19,600 


.1440 




: 20,000 


.1790 




20,500 


.1080 




20,800 


.2670 




1 21, 400 


1 


Ultimate strength = 122,280 pounds per square 
inch. 



Failed by shearing out front of hole. 
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154 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Ko. 482. 

Distance from center of hole to end of plate, 1^^26. 

Sheared end to plate. 

Skin planed off one side of plate at the hole about '^003 deep. 

Thickness of plate, ^^249. 

Compression area, '^246 x ^\70=:.172 square inch. 



Loads ap' 
plied. 



Pounds. 
1.000 
6,000 
8,000 
10,000 
11,000 
11,500 
12,000 
12,600 
18,000 
18,600 
14,000 
14,500 
16,000 
16,500 
16,000 
16,600 
17,000 
17,600 
18,000 
10,000 
19.780 



Elongation 
of hole. 



Inch. 
0. 

.0078 
.0120 
.0148 
.0161 
.0171 
.0181 
.0105 
.0210 
.0228 
.0260 
.0200 
.0848 
.0480 
.0640 
.0070 
.0850 
.1000 
.1880 
.2050 



Remnrka. 



Ultimate ■trenctk = 115,000 poands per 
inch oompreanon. 



square 



Failed in the same manner as No. 480. Its strength probably im- 
paired by the slight strip planed off at side of hole. 

No. 483. 

Distance from center of hole to end of plate. 
Planed end of specimen. 
Thickness of plate, '^250. 
Compression area, .175 square inch. 



Remarks. 



Loads ap- 






plied. 

1 


offfole. ; 


PouruU. 


Inch, 


1,000 


0- 


5,000 


.0035 


10,000 


.0085 


11,000 


.0098 


11.500 


.0105 


12,000 


.0115 


12,600 


.0123 


! 18.000 


.0135 


18.600 


>0146 


1 14,000 


.0167 


I 14,500 


.0172 


15,000 


.0187 


1 16,600 


.0209 1 


16,000 


.0287 ' 


i 16,600 


.0277 


17,000 


.0822 


17,600 


.0887 


, 18,000 


.0466 ! 


19.000 


.0637 


1 20,000 


.0857 


21,000 


.1127 


• 22,000 


.1487 


. 28,000 


.1917 




M,000 


.2W7 




24,820 

1 


.8790 


UlUmate strength « 
inch compression. 



Failed in the same manner as No. 4S0. 
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Ko. 4ai. 

Distance from center of hole to end of plate, V'A9. 
Planed end of specimen. 
Thickness of plate, 2^^53. 
•Compression area, .177 sqnare inch. 



Londtap. 


"JSTKSr' 




pltod.*^ 




Povndt. 


Inch. 




1,000 


0. 




5,000 


.0088 




10,000 


.0080 




11.000 


.0101 




12,000 


.0115 




12,600 


.0121 




13,000 


.0180 




18,600 


.0140 





14,000 


.0160 




14,600 


.0100 




15,000 


.0178 




1^600 


.0102 




ie,ooo 


.0212 




16,500 


.0240 


' 


17,000 


.0272 




17,600 


.0816 




18,000 


.0878 




19,000 


.0640 




20,000 


.0780 




21,000 


.0080 




22.000 


.1880 




28,000 


.1780 




24,000 


.2400 




24,880 


.8110 


UlU 



Bamarka. 



Ultinato alrtiigfh = 187,670 pounda per aqnare 



Failed same as No. 480. 



No. 402. 



Distance from center of hole to end of plate, V'.75. 
Planed end of plate. 
Thickness of plate, ^'.246. 
Compression area, 'M72 square inch. 



Loada ap- 
plied. 


. ofEole. 


Bemarka. 


Pimndi. 


Inch. 




1,000 


0. 




6,000 


, .0084 




10,000 


r .0160 




12,000 


.0190 




12,600 


.0206 




13.000 


.0216 




13,600 


1 .0227 




14,000 


.0240 




14,600 


.02S4 




16,000 


.0270 




1^500 


.0287 




16,000 


.0306 




16,600 


.0834 




17,000 


.0863 




17,600 


.0893 




18,000 


1 .0445 




18,600 


.0506 




19,000 


i .0675 




19,600 


.0665 




20,000 


.0766 




21,000 


.0065 




22,000 


.1205 




28,000 


.1480 




24,000 


.1810 




26,000 


.2180 




26,000 


.2880 




26,600 


.3190 


Ultimato 8treii«rth= 154,070 poanda par tqaare 






inch oompreaaion. 



Failed the same as No. 480. 
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Ko.403. 
Distance from center of hole to end of plate, 1^^70. 
Plate sheared across end. 
Thickness of plate, ^^249. 
Compression area, ^M74 square inch. 



Benuurks. 



Loads ap. 


"i?tt- j 


pUed. 


Poundt. 


Inch, * 


1.000 


0. 


6,000 


.0158 


10,000 


.0106 


12,000 


.0220 ' 


12,600 


.0228 


18,000 


.0288 


18,600 


.0249 



14,000 
14,500 
16,000 
15,600 
10^000 
10,600 
17,000 
17,600 
18,000 
18,600 
19,000 
19,600 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
25,900 



.0825 
.0856 
.0410 
.0470 
.0682 
.0606 
.0600 
.0788 
.0900 
.1026 
.1205 
.1000 
.1930 
.2800 
.2820 



Ultimate strength = 148,850 pounds per squara 
inch oompnasion. 



Failed in the same manner as ISo. 480. 

No. 4()4. 
Thickness of plate, ''.248. 

Average diameter of punched hole (''.70+ ".78) =''.74. 
Distance from center of hole to end of x>late, 2". 
The end of the specimen is planed. 
Compression area, 'M74 square inch. 



Loads ap- 
pUed. 


"ofKS- 


1 ! 

Remarks. 


Pounds. 


Ineh. 


1 


1.000 


0. 


' 1 


6,000 


.0081 


1 . ! 


10,000 


.0198 




12,000 


.0286 


1 1 


13,000 


.0261 




18,600 


.0270 




14,000 


.0206 


1 1 


14,600 


.0310 


1 1 


15.000 


.0831 




16,600 


.0862 




10,000 


.0880 


1 


10,600 


.0409 


1 


17,000 


.0430 


j 1 


17.600 


.0470 


1 


18,000 


.0615 


1 


18,600 


.0660 


1 t 


19,000 


.0025 




19.600 


.0606 


I 


20,000 


.on8 


' 1 


20,600 


.0872 


j 


21,000 


.0961 


1 


22.000 


.1208 


' 


28,000 


.1465 


1 


24, OU) 


.1700 




26,000 


.2060 




28,900 


.3770 




29,200 




intim*te8trenKtli= 167.820 pounds pcrsqnaie j 
inch oompzesaion, | 







Failed same as No. 480. Appearance of fracture silky. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Jfo. 406. 



157 



Tluckness of plate, ''.24S. 

Diameter of punched holes: Punch side, ".77; die side, ".81; aver- 
age diameter, ".79. 

Same pin used as before, ".70 diameter. 
Distance from center of hole to end of plate, 2".05. 
Plate planed across end. 
Compression area, .174 square inch. 



Loads ap- 
plied. 


' "l*"" 


Poundi. 


Inch, 


1.000 


0. 


5.000 


.0095 


10,000 


.0240 


12,000 


.0320 


14,000 


.9420 


16,000 


.0480 


15.600 


' .0515 


16,000 


1 .0540 


16,500 


.0590 


17,000 


.0620 


17,500 


.0602 


18,000 


.0710 


18,600 


.0756 


19,000 


.0612 


L 19.500 


.0889 


20,000 


.0962 


21,000 


.1140 


22,000 


.1340 


23,000 


.1618 


24,000 


.1805 


26,000 


.2228 


30.980 


Ultimi 



Remarks. 



Ultimate strength =178, 050 pounds per square ; 
inch compression. 



Failed the same as No. 480. 

Details of riveted joints. 

4" Stebl Plate— Punched Holes. 

Resistance of plates to tearing out punched holes; |" punched holes 
plates not riveted. 
Holes varying from 1" to 2" from end of plates. 

FORM OF SPECIMENS. 




Holes punched: Punch side, ".64 diameter; die side, ".70 diameter. 
Pin used in punched holes, |" diameter. 
Sheared ends. 



Digitized by VjOOQIC 



158 TESTB OF IBON AND aXEEL AND OTHEB MATEBIAL8. 



k 

s 



-4 

2^ 



1 



I 



I IneKtg. \ Tneh. 

406 I 1.00 I .246 

407 L04 .248 

408 ! 1. 27 ' .245 



409 


1.37 


.». 


410 


L50 


.346 


411 


1.60 


.247 


412 


L74 


.246 


418 


1.72 


.247 


414 


8.00 


.248 


415 


1.99 


.246 




.158 
.154 
.154 
.154 
.154 
.152 
.153 



Remftrka. 



20,270 


132,500 


21,900 


14^200 


23,210 


150,700 


25,890 


164.900 


25,490 


165^500 


27,880 


188,100 


29,800 


191,600 




frae. 



Fraoturff all bog«a «t sheared 
endito M shown above. 



Above specimens, Nos. 406 to 415, iuclasive, prepared with ^" drilled 
holes through opposite ends. 
Same \" pin used a« before. 



i" Steel Plate, \^*' Drilled Holes. 

SHEARED ENDS. 



1 


i! 

li 


1 

! 


1 


83 
9^ 


1 


9 


|l 


a 


» 




S 




Imihu. 


InOi. 


416 


LOO 


.252 


417 


1.00 


.246 


418 


1.25 


.247 


419 


L25 


.844 


420 


L50 


.846 


421 


L60 


.244 


433 


1.77 


.845 


488 


1.78 


.250 


424 


2.02 


.346 


435 


2.03 


.245 

1 



I" 



Sq.in. 
.158 
.154 
.154 
.158 
.154 
.153 
.158 
.156 
.154 
.153 



intimate reoUt- 
anoe. 






100,000 
104,800 
126,200 
134,000 
141,900 
140,850 
156,300 
178,800 
184,000 
188,300 


Bomarks. 


15,800 
16,100 
19,430 
18.970 
21,860 
31,550 
28.900 
37,890 
28,470 
28,800 


Fraotnna all began at aheared 
end, ezoept No. 434, wUoh be- 
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WBOUGHT-ISON PLATE, 

(Tests to determine the altimate resistaDce of iron plale to tearing out 

at the rivet holes.) 

I'' Drilled Holeb. 

SHAPE OF SPECIMRN8. 




No. 445. 
Thickness of plate. ^^241. 
From center of hole to end of plate, "J&9. 
Compression area of hole '^625 x ".241 = .151 square imsh. 



I 



LomU ap- 
plied. 



Poundt, 
1.000 
5,000 
1,000 
0.000 
7.000 
8,000 
0,000 
0,500 
10,000 
10,250 



I Elonsation 
of note. 



Ineh. 



Permanent 
elongation of 
I hole. 



Inch. 



Bemarkt. 



.0065 j 



.0088 
.0115 > 
.Odtt ' 
.0M8 I 
.0808 I 
.0396 , 



.0035 



About. 09 Ultimateatrenffth— 07,88Opoand« 

per aqnare inoh on 

area of boles. 



Failed by developing a fracture at end of pl^te, ijrhere meti^. 
under tensile strain. Fracture then extended towaixis drilled hole* 

No. 449. 
Duplicate of No. 445. 
Thickness of plate, '^244. 
Distance fh>m center of hole to end of plate, V\ 
Compression area of hole, ''.626 x ".244 = .163 square ineh. 



Loads ap- 
pUed. 



F&undM. 
1,000 
5,000 
1,000 
8,000 
6.500 
7,000 
7,500 
8,000 
8,500 
9,000 
9.500 
lObOflO 
10.500 
11.000 
11,280 



Slonffation 
of bole. 



Ineh, 
0. 



Pennanent 
elonsation 
of bolea. 



Ineh. 



Remarks. 



.0071 
.0080 
.0090 
.0100 
.0L18 
.0140 
.0176 
.0220 
.0165 
.0845 
.0480 



. Ultimatestren|[th=73,720poanda 1 
per square inch on compression ' 
area. 



Digitized by VjOOQIC 



160 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Test continaed after passing the ultimate resistance, developing 
jOraotnres on either side of the hole. 

The initial fracture began at the end of the plate, reaching back to 
the hole. 

No. 447. 

Compression area, ''.625 x "'245 = .153 square inch. 

Thickness of plate, ''.245. 

Distance from center of |" hole to end of plate, 1".25. 



Loftds ap- 


of Hole. 


pUed. 


Pounds. 


Inch. 


1,000 
2,000 






.0020 


3,000 


.0086 


4.000 


.0056 


6.000 


.0071 


e,ooo 


.0080 


6,500 


.0096 


7,000 


.0106 


7,600 


.0L18 


8.000 


.0136 


8,600 


.0160 


9.000 


.0168 


9,500 


.0189 


10,000 


.0216 


19,600 


.0244 


11.000 


.0296 


11.6U0 


.0356 


12,909 


.0480 


12,600 


.0535 


12,720 


.0705 



Bemarkft. 



UltimAte strength =88,149 pounds per nqoare 
inch on compression area. 



Failed same as specimen 'So, 445.. 

No. 448. 
Duplicate of No. 447. 
Thickness of plate, ".243. 

Distance from center of hole to end of plate, i".22. 
Compression area, ".625 x ".243 = .152 square inch. 



. Loads ap- 
I pUed. 



PouimU. 

1,000 

5,000 

6,000 

6,600 

7.000 

7,500 

8,000 

8,600 

9,000 

9,600 

10.000 

10,500 

11,000 

11,500 

12,000 

12,600 

13,000 



Xl<mjEation 
ofhole. 



Inch, 

0. 

.0070 
.0090 
.0100 
.0109 
.0118 
.0128 
.0142 
.0161 
.0182 
.0210 
.0245 
.0290 
.0342 
.0410 
.0500 
.0810 



Remarks. 



Ultimate strength = 85,530 ponnds per square 
inch on compression area. 



Failed same as No. 445. 
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iro# 449* 
Thickness ot plate^ ^^243. 

Distance from center of hole to end of plate, 1^^50. 
Oompression area, ^^625 x '^243 ss .152 square inch. 



plkkL*^ 


^K£- 


-«». 


Poundi. 


Inch, 




. 1,000 
5,000 






.0043 




0,000 


.0068 


^ 


0.500 


.0088 




7.000 


.0078 




7,500 


.0088 




8,000 


.0008 




8.600 


.0107 




9,000 


.0129 




0.500 


.0142 


• 


10,000 


.0102 




10,600 


.0187 




11,000 


.0217 




11,600 


.0247 




12,000 


.0287 




12,500 


.0882 




18,000 


.0892 




13,600 


.0400 




14,000 


.0687 




15,610 


.0902 





Failed same as No. 445. 



No. 450. 



Duplicate of No. 449. 

Thickness of plate, ^^243. 

Distance from center of hole to end of plate, 1^^50. 

Oompression area, .152 square inch. 



Loads Ap- 


'"S'SS?" 




plied.*^ 




Paundt. 


' Ineh, 




1,000 


0. 




5,000 


.0049 




8,000 


.0000 




7.000 


.0078 




7.500 


.0089 




H,000 


.0100 




8.500 


.0112 




9,000 


.0180 




9,500 


.0151 




10,000 


.0175 




10,500 


.0208 




11,000 


.0239 




11,500 


.0275 




12,000 


.0321 




12,600 


.0380 




13.000 


.0450 




18.500 


.0520 




14,000 


.0610 




15,000 


.0810 




15,780 


.1180 


Uit 
ii 



Bemsrks. 



Ultimate strength = 103,820 pounds per square 
inoh compression. 



Fractured same as No. 445. 

i" plates Nos. 445 to 450, inclusive, that have been tested with drilled 
holes, now prepared with punched holes through opposite ends, punched 
and riveted together in pairs with |'^ iron rivets. The rivet heads were 
planed off and the rivets driven out. 
S. Ex. 1 11 
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162 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



It is found that these machine-driven rivets prodnoe serious iiyory 
to the plates. When the hole was within 1^^^ of the edge the plates 
were burst by the rivetB, starting fractures at the edge of the plate. 

While the plates ii^this condition, with fracture already developed, 
will fail to give the comparative strength of drilled and punched holes, 
the results will probably give an indication of the strength of riveted 
joints in iron plates that have been weakened in this same manner. 

Specimens Nos. 451 to 456, inclusive, have punched holes. Size of 
punch, H'' diameter J die, %'' diameter. 

Diameter of pin used in punched holes, '^70• 

No. 451. 
Thickness of plate, "Ml. 
Distance from center of hole to end of plate, 1^^ 
Compression area ^^241 x ".1^ = .1687 square inch. 



Loads «p- 
pUed. 



Powida. 
1,000 
6,000 
6,000 
7,000 
8,000 
8,250 



Elonntioii 
of nolo. 



Inch, 

a 

.0215 
.0276 
.0888 
.0410 



Kamarlra. 



T71timfttestrength=48, OOOponnds 
per tqiuure inch oompreasiDiL 








No. 452. 
Thickness of plate, '^244. 

Distance from center of whole to end of plate, 1". 
Compression area ''.244 x ''.70 = .171 square inch. 
8,100 pounds ultimate strength = 47,370 pounds per square inch com- 
pression. 
Fracture started same as in No. 451. 
Afterwards developed fractures at sides of hole. 

No. 453. 
Thickness of plate, ''.245. 

Distance from center of hole to end of plate, 1".25. 
Compression area, ".245 x ".70 = .172 square inch. 
11,200 pounds ultimate strength = 65,120 pounds per square inch com- 
pression. 
Fracture at end of plate about 4" long, reaching back towards hole. 
End of specimen sheared. 
Failed by opening initial fracture and a fracture ^t side of hole. 
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No. 454. 

Thickness of plate, ^'.243. 

Distance from center of hole to end of plate, 1^^20. 

Compression area, "2^ x "M = .17 sqoare inch. 

Fracture in end of plate caused by riveting similar to No. 463. 

12,500 pounds ultimate strength = 73,530 pounds per square inch com- 
pression. 

No. 455. 

Thickness of plate, '^243. 

Distance from center of hole to end of plate, r^47. 

Compression area, '^.243 x ^^70 = .170 square inch. 

Punched hole about ^^02 larger in diameter than the punch and die 
used. 

No fracture in sight caused by riveting. 

End of plate sheared. 



Loads ftp- 
plied. 


Elongatioii 
of hole. 


Benuurlu. 


Poundt, 


Ineh. 




1,000 


0. 




5,000 


.0082 




10.000 


.0200 




10,500 


.0215 




11,000 


.0230 




11.500 


.0248 




12,000 


.0208 




12.500 


.0289 




18,000 


.0310 




18,500 


.0889 




14,000 


.0880 




14,500 


.0480 




15,000 


.0580 




15,160 


.0570 


intimate •tr«iigth=:89,120 poondB 
per equure inch oompreeuon. 



Fracture began at end of plate. 

No. 456. 
Thickness of plate, ^^243. 

Distance from center of hole to end of plate, VAT* 
End of plate planed. 
Oompression area, ^^243 x ^^70 = .170 square inch. 



Loads ap- 
pHed. 


Elongation 
of lole. 


Bemarkfl. 


Poundt. 
1,000 
5.000 
8,000 
10,000 
10.500 
11,000 
11,500 
12,000 
12.500 
13.000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,300 


Inch, 

a 

.0070 
.0138 
.0188 
.0201 
.0218 
.0286 
.0255 
.0280 
.0806 
.0886 
.0872 
.0410 
.0460 
.0515 
.0006 
.0760 


Ultimate 8trength=96, 900 pounds 
per square inch oompression. 

m L_ 



Failed by opening a fi^acture at the end of the plate. 
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'Sob. 457 1^402^ indnsiye. 

if' plates having f^' piuMb^d holes. Piuch^ "M diameter; djm^ "Jl 
diameter. 
Platea did not have rivets driven. Ends, planed. 
Dianelar of pin used in ponohed holes, |^^ 




Oompiession area, '^243x'^625s.l62 square inch. 



IfOftdsap- 
pltod. 


"^1^ 


•p^MifVa. 


Poundi, 
1,000 
8^000 
5,000 
6,600 

e,ooo 

6^600 
7^000 
7,600 
8,000 
8,600 
9,000 
9,000 
9; 600 
10,000 
10,600 
11,000 


Inch, 

0. 

.0000 
.0182 
.0206 
.0280 
.0261 
.0285 
.0818 
.0868 
.0406 
.0460 
.0488 
.0528 
.0608 
.0718 
.1000 


After twelve minatae rest 

UltiinAte 8tr«iyrth=72.870 pounds per eqiutfe 
inch oompreesioii. 



Fracture began at end of plate at A. 

Ko.458. 
Duplicate of No. 457. 

Distance from center of hole to end of plate, 1". 
Compression area, ''.241 x ''.625= .151 square inch. 



Loadaap- 
pUed. 


Elonntioii 
of £ole. 


Semarkfl. 


PotMidf. 


Inch, 




1,000 


0. 




6^000 


.0211 




6,600 


.0232 




8,000 


.0260 




8,600 


.0288 




7,000 


.0310 




7,600 


.0840 




8,000 


.0370 




8,600 


.0408 




9,000 


.0440 




0.600 


.0490 


' 


10,000 


.0658 




10,600 


.0620 




11,000 


.0720 




11,500 
11,860 


.0840 
.0990 


tntimste 8trenfcth=78,540 pounds per aquare 
inch oompieasion. 



Fracture began at end of plate same as So. 457. 
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Ko. 469. 




Oompression area, ^^243x'^626=.162 square inch. 



"^ir 


ofEole. 


BemarU. 


Fmmi§, 


JfMsA. 




1,000 


0. 




6^000 


.0086 


. 


6^600 


.0102 




8.000 


.0121 




0,600 


.0140 




7,000 


.0181 




7,500 


.0186 




8^000 


.0210 




8.600 


.0286 




9^000 


.0200 




0,600 


.0800 




10,000 


.0840 




10,600 


.0886 




11,000 


.0401 




U,500 


.0680 




12,000 


.0626 




IB. 600 


.0728 




13,000 


.0850 




18,440 


.1040 


Xntinutie stmilflis; 88,420 pmmdt ptf 9q[mrt 
inch oonpiosiion. 



Fracture began at end of plate and at sides of hole. 

Ko. 460. 
DnpUoate of Ko. 459. 
Thickness of plate, '^243. 
Oompression area, ^^243x'^625 = .152 sqnare inch. 



Loads ap. 
plied. 


"^^^^ 


Bemarkfl. 


Pounds. 


Inch. 




1,000 


0. 




6,000 


.0096 


• 


8,000 


.0140 




7,000 


.0185 




7.600 


.0808 




8.000 


.0280 




8,600 


.0260 




9^000 


.0288 




0,600 


.0320 




10,000 


.0875 




10,600 


.0420 




11,000 


.0490 




11,600 


.0670 




12,000 


.0668 




12.600 


.^748 




18,000 


.^888 


Ultimate Btrragths 86,620 poande per iqwae 
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No. 461. 




Oompiession area, ^.244x'^625 = .153 square inch. 



IfOftdsap- 


Sloiigatloii 
of hole. 


BemukB. 


PoiffUfo. 


, Inch, 




1,000 


0. 




6^000 


.0110 




8,000 


.0142 




7,000 


.0170 




8,000 


.0206 




8,600 


.0280 




8^000 


.0252 




8,600 


, .0280 




10,000 


.0810 




10,600 


.0840 




11,000 


.0880 




11,600 


.0410 




12,000 


.0470 




12,600 


.0516 




18,000 


.0676 




18.800 


.0640 




Uk600 


••V 


Ultimate atrength = 101,810 poonds per square 
inch compTeMion. 



Test disoontmaed soon as maximum load was passed. 
Fractores started at edge of plate, also at sides of punched hole. 



Duplicate of 'So. 461. 



Ko. 462. 




Oompression area ^^245 x '^625 = .153 square inch. 
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Loads ap- 
plied. 


Blongation 
of hole. 


PoundM. 


Inch, 


1,000 


0. 


5,000 


.0175 


0.000 


.0208 


7,000 


.0250 


8,000 


.0295 


8.500 


.0318 


9,000 


.0340 


9,500 


.0368 


10,000 


.0390 


10,500 


.0428 


11,000 


.0465 


11,500 


.0502 


12,000 


.0550 


12,500 


.0605 


13,000 


.0670 


13,500 


.0742 


14.000 


.0830 


14.500 


.0938 


16,000 


.1070 


15,500 


.1260 


15,745 


.1490 



Bemarkt. 



Ultimate strength = 102,910 pounds per square | 
inch compression. 



Fractares developed as shown by sketch. 

Rmstance of steel and iron plates to tearing out at rivet holes, 

I" STEKL PLATE, PLANED ENDS. 




1.1 I I Y ..,1,^^ ■- 7 = 



JjkdUsA 



I" IRON PLATE, PLANED ENDS. 

Fractures in plates having -}^" punched holes. 
IJ" from center of hole to end of Plates A and B. 
l|" from center of hole to end of Plates G and 2>. 
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i" 8TEBL PLATE, PLANBD ENDS. 




i" IRON PLATE, PLANED ENDS. 



Fraotares in plates having \i'' punched holes. 
H" fix)in center of hole to end of Plates A and B. 
ll" from center of hole to end of Plates C and D. 



i' STEEL PLATE, PLANED ENDS. 




i" IRON PLATE, PLANED ENDS. 

Fraotares in plates haviug |'' drilled holes. 
V from center of hole to end of plate. 



DigiSzed by Google 
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-4' ^ ' i^-^'^'^t^*^ 


0^"*^ ~^^ 
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t ^ ■ ' ■■ ■■ ' ■ 


•*^^ -■ ^t^ i_ ~r-i--i_ 


Ittt H 




^' ' 


^■'' _i '1 


jo^ooo .dl ZL. _^ 








)_(_. .. ..]_.._. 


tfO,0M 


1"^ 


Distance 

Drilled h< 
Punched 
Punched 

Dig 

S. Ex. 1 faee p. 
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\" Wrouoht-iron Plate. 

(Shearing parallel to grain.) 

No. 300. 

FORM OF SPBCUfSN. 




Shearing area, "J5x"^^x2 = .276 sqoare inch. 

Ultimate strength, 7,728 poonds = 28,800 ponnds per square inch. 



SPBCDCBN AFTER FRACTURE. 




No. 301. 

Same form as Ko. 300. * 

Shearing area, ^^50x^^278x2 = .278 square inch. 

Ultimate strength, 7,850 pounds = 28,240 pounds per square inch. 

Failed same manner as No. 300. 

No. 302. 

FORM OF SPECIMEN. 






rvf»8 > 
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L70 TESTS OF mON AND STEEL AND OTHER MATERIALS. 

SPECIMEN AFTER FRACTURE. 




Shearing area, '^98x".279 = .273 square inch. 

Ultimate strength, 6,900 pounds = 25,270 pounds per square inch. 

No. 303. 

Same form as No. 302. 

Shearing area, ".98 x ''.276 = .270 square inch. 

Ultimate strength, 6,980 pounds = 25,290 pounds per square inch. 

Failed in the same manner as No. 302. 

i" Steel Plate. 

(Shearing parallel to direction of rolling.) 

No. 318. 

Original form of specimen same as No. 300. 

SPECIMEN AFTER FRACTURE. 




Shearing area, ''.60x".246x 2 = .246 square inch. 

Ultimate strength, 9,450 pounds = 38,570 pounds i)er square inch. 

No. 319. 

¥' steel, same form as No. 318. 

Shearing area, ''.50 x ".249x2 = .249 square inch. 

Ultimate strength, 10,120 pounds = 40,640 pounds per square inch. 

Tore out evenly at each shearing line. 
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y Steel Teate. 
Ori|j;iiial thvui ol* spoeiiiieii sain*' as No. 30.?. 

SPFllMKX AFTKK FKACTUHI.. 



171 




Shearing area, l''x".-o5 = .255 squaiv inch. 

lUtimate strength, 9,20<i pounds = ;if),08(> ])onn<ls per square ineh. 
Failed by shearing from hottnin of j^roovr to hottonj of groove, one 
line of shearing. 

Details of Kiveied Jolxts — FuK^noN of Kivets. 

ExperimentH to determine the force neceHsary to nlip a joint or pluten held 
together hy ike friction of the rivet only. 



Steel 

L 






TT 



Steel. 

I 



^^bMi ^Jr^ym -HtfeU^ 



OHa^lhdlet 






Clearance -m 




"plitte^en^ 
■rwet 



Gaage measures elongations in 10" section, including the joint. The 
f" bolt used to hold washer in phute while riveting removed before the 



test 



No. 4a*3. 



Thickness of steel plates, ''.31 eaeh ; width, about .5". 

Thickness of washer ".50. 

length of rivet under heads, l'M2. 



Louis ap- 
plied. 


Elnugatioii 


I'oundt. 


Inch. 


1.000 


0. 


2, 000 


.0003 


:t,ooo 


.0008 


4,000 


.0013 


5,000 


. 0020 


\ 500 


. 0092 



Keniarkfl. 



Slipping: began at 5,400 pounds. 
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172 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 463. 

Maximum resistance, 5,980 pouuds a load, which wan reached and 
held monientarily. 

It seems quite probable that the available resistance offered by the 
friction of the rivet was 5,4(K) pounds. 

The joint was found oily after shearing the rivet. 

llivet sheai^d between steel plat-es at about 14,000 pounds. 

No. 464. 

Thickness of steel plates, ".30 each. 
Thickness of washer, ".50. 
Total length of rivet under heads, I'MO. 
Shearing area of rivet, .371 square inch. 



^; «P- ; Elougation. 



plied 



Kemarks. 



Found*. 


Inch. 




1,000 


0. 




2,000 


.0005 




8.000 


.0008 




4,000 


.0016 




5,000 


.0019 




5,600 . 


.0024 




5,960 


.0098 


Rapid aUppinff . 
Mazlmnm load reached. 


84,000 




15,650 




SheariDff strength of riTet«42, 180 
pounds per square inch. 







Joint oily. Sheared the rivet between steel plates and started off 
rivet head slightly. Hole in lower steel plate elongated about ".01. 

No. 465. 

Thickness of steel plates, ".30, ".28 ; thickness of washer, 1". 
Ijength of rivet under heiads, 1".68. 



Remarks. 



Loads ap- • 
plied. 


Elongation, i 


Poundt. 


Inch. 


1,000 


0. 1 


2,000 


.0002 


3,000 


.0007 


4, COO 


.0011 


4.800 { 


.0012 
.0084 


5,000 


.0052 


5,500 


.0083 


6,000 


.0100 


6,500 


.0112 


7,000 


.0128 


7,480 


.0162 


8,000 


.0661 


8,500 


.1112 


9.000 


.1522 


10,000 


.2032 


11,000 


.2134 


12.000 


.2282 


18,000 


.2472 


15.900 





Sudden slip. This load considered the limit of 
fHction between the plates. Unaffected by 
cutting of the snrfaoe in contact. 



Bapid slipping takes place. 



Ultimate strength of rivet =42,830 poiinds per 
square inch. 



J 



The peculiar behavior of the above specimen thought to be due to a 
burr on the upper plate cutting the under plate, which would increaae 
the resistance after first slipping took place. 



Digitized by VjOOQIC 



TBflTS OF IRON AND STEEL AND OTHEB MATERIALS. 173 

No. 466. 

Thickness of steel plate^ '^30 each; thickness of washer, 1". 
Len^rth of rivet, l'^60. 



Loads ap- 




Somavks. 


Fmmd». 

1.000 

2; 000 

8,000 
4^000 
&000 
0^500 
6,000 
7,000 
8^000 
8,000 
8,000 
18,800 


Inek, 

0. 
.0008 
.0008 
.0016 
.0088 
.0068 
.0115 
.0810 
.0610 
.1080 


by th« oattlng or the snrfiMes in oontaot. 

ICulmiim resistanoe duo to friotUm of ziTot. 
intimato aheuliig straDgth of zlTots 87,180 
ponndi per oqiuure inch. 







Plates cat same as in experiment TSo. 465. 

Fridian of riveti. 

No. 248. 
f " Iron Plate. 



T 







^ 









Five \i" iron rivets. 

Five 1^^ drilled holes, with clearance front of rivets in upper plate. 
This specimen made up of plates in test F • • clamped with 2fy" ex- 
posure Ibietween holder faces; comers of holes rounded about ".05. 
Shearing area of five rivets (%" diameter), 2.21 square inches. 
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Loads ap- 
pUed/ 


Elonemtionin 
lOinoluM. 




Bemarka. 


Pounds. 
fi.000 


Jneh. 

A. 


Jneh. 




10,000 .0008 
16,000 ! .0018 
20,000 .0080 
26, 000 - ooso 










27,000 
28,000 
29,000 
30,000 
6,000 
31,000 

82.000 
36,000 
40,000 
46,000 
60,000 
56,000 
60,000 
66,000 
70,000 
76,000 
80,000 
86,000 
90,000 
02.000 


.0068 
.0076 
.0090 
.0108 










BApid sUppiBg began wImh load 
posMd 81,000 pounds. The re> 
sistanoe to supping oontinned 
about 30,000 pounds, tiU total 
sUp was ".15. 

Friofion per riTst. »i|««-»«,200 
pounds. 

Shearing strengtb of rirets, 
41,630 pounds per squaie inoh. 

mtimatestrength. ShearedriTets. 




.0068 


.0130 

.15 
.18 
.26 
.32 
.86 
.36 
.38 
.40 
.41 
.46 
.47 
.64 
.66 

































Under plate cut vicinity of rivet holes by upper plate slipping over it. 

I 
I" Steel Plate. 







^sCoel. ntcurhen 




dcctrrxnco. 



Five \^" iron rivets ; %*' drilled holes. 

Clearance given rivets in upper plates. 

Comers of rivet holes rounded about 'M>5. 

Shearing area five rivets (%" diameter), 2.21 square inches. 
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LomU ap- 
pUed. 


lO&ohM. 


Bemarka. 


Poundt. 


Inch. 


I 


fi,000 


0. 




10,000 


.0010 




12,000 


.0116 




14,000 


.0020 




10,000 


.0022 


1 


18,000 


.0028 


1 


20,000 


.0080 




22,000 


.0085 


i 


24,000 


.0041 




20.000 


.0048 




28,000 


.0066 




30,000 


.0100 




81,000 
81,000 
32,000 
88.000 


.0121 
.180 
.186 
.19 


supping oontinaed, the reaUtaooe 
fkUlng to 28,000 pounds. 


Friction p«r riret, '1*' = ^300 


84,000 


.22 


pounds. 


85,000 


.28 




40,000 


.82 




46,000 


.86 




50,000 


.876 




65,000 


.885 




00,000 


.40 




06»000 


.425 




70,000 


.445 




76,000 


.47 




80,000 


.4A 




86.000 


.64 




d8,000 




Ultimate strength. Sheared rivets. 





Shearing strength of rivets = 39,820 pounds per square inch. 

No. 260. 
i" Iron Plate. 



S 



K 

.5 




^ 
«• 



.5 



iron. 




Clearance. 



Five f iron rivets ; drilled holes ".69 diameter. 

Oomers of rivet holes rounded about ".05. 

Shearing area of rivets (5 = ".69 diameter), 1.87 square inches. 
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"isfsr 


EloDntioniii 
lO&ohM. 


Pennaaent 

Mt. 


Bemacks. 


PotMMlff. 

6^000 
10.000 
12.000 
14,000 
16^ 000 
18.000 
30,000 
21,000 
22,000 
28,000 
24,000 
26,000 

6,000 
20^000 
27,000 
28,000 
20,000 
80,000 
85.000 
40,000 
45,000 
50,000 
60,000 
70,000 


InA, 
0. 

.0016 
.0030 
.0025 
.0082 
.0040 
.0050 
.0058 
.0066 
.0070 
.0080 
.0002 


Inch. 


VrieUm per Hr^t, '^IM a 
poind*. 

SheazediiyetB. 


5.200 
























.0046 


.0110 

.1280 

.1280 

.1410 

.1520 

.220 

.25 

.20 

.82 

.37 

























Shearing strength of rivets = 37,914 pounds per square inch. 



No. 251. 



J^' Steel Plate. 




^^ 



ft^sieel -waaher. 



Five I" iron rivets (Burden's); drilled holes, "S 
Bivet holes rounded about '^05. 
Shearing area of rivets, 1.87 square inches. 



diameter. 
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1 

Loftds ap- ! 
pUed. 1 

1 


10 ixiohos. 


Permanent 
set. 


Remarka. 

— 


Poundi. 
5)000 


Ineh. 
0. 

.0010 
.0018 
.0028 
.U032 

.0682""" 

.0040 
.0060 


Ineh. 


10,000 
12,000 
14,000 
16,000 
5.000 
16,000 










0.0008 


18.000 




1 20,000 
1 5.000 


.6626""" 


1 21.000 


.0058 

.0062 

.0070 

.0078 

.0082 

.0090 

.0100 

.0128 

.0132 

.0162 

.0640 

.0710 

.0935 

.0990 

.1660 

.172 

.182 

.26Q 

.295 

.825 

.880 




1 22,000 




Friction per riTot, i»fM = 6,000 
pounda. 

Sheared the riveta. 


23,000 




24.000 




• 25,000 




26,000 
27,000 




i 28,000 




j 29,000 
1 80, 000 
81.000 
82,000 
83,000 
34,000 
85,000 
86,000 
87,000 
40,000 
4^000 
60,000 
60,000 
72.700 































Shearing strength of rivets, 38,880 pounds per sqaare inch. 



No. 636. 
f' Iron Plate. 

FRICTION OF RIVETS. 



rv© 



I 



@ 



I 



,'//X'y////y/////////y. 



4a^ 



Clearance jfrant ^f'rbfelBi 



Five %" iron rivets ; drilled holes, ''.81 diameter. 
S. Ex. 1 12 



Digitized by VjOOQIC 



178 TESTS OF IBON AND STEEL AND OTHER MATEBULS. 



LoAdfl ap- 
plied. 


iSUmpitLtm in 
lOinohM. 


Benuokt. 


POfMldi. 


Inch. 






^ooo 


0. 






10,000 


0. 






l^ooo 


.0006 


• 




90,000 


.0008 






26,000 


0010 






80,000 


.0018 






83,000 


.0020 






86.880 


.0022 






88.000 


.0028 






40.000 


.0080 






42,000 


.0082 






44,000 


.0088 






48,000 


.0040 






48,000 


.0048 






10,080 


.i0088 






S^OOO 


.8470 


SuddandlpofplUM. 





10,400 pounds friction per rivet 

BTo. 637. 
i'' IBON Plate. 

FRICTION OF RIVETS. 





© 




"■ 


© 

© 


A 1 
'1 


© 




@ 






Five ^" iron rivets ; driUed hbles, ^' diameter. 



Iioadtap- 


"SfiSS.'" «— *- 


^000 
10,000 
20,000 
•0.000 
88,000 


IfUk, 
0. 
0. 
.0008 


Rapid dippinc of plift8i. 



7,600 pounds firiction per rivet. 
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TfiSTS OF IBON AND STEEL AND OTHEB MATERIALB. 
SHSABING OF STEEL BIYETS. 



in 



¥ 



o 



^> 



StegZ. 






] 



No, 467. 

FmsT BivBT. 

^' steel rivet. (Kind of steel npt known.) 
Ponched holes : Panch, ^^753 diameter ; die, '^77i diameter. 
Shearmg area of rivet. .45 square inch. 

Ultimate shearii^ strength, 25,750 pounds = 57,220 pounds per 
flqoare inch. 

No. 408. 

Sboond Bivet. 

TTltamate shearing strength, 26,490 =: 58,870 poands per sqnare inch. 



AKALYBIB DF IBON, 8TBEL, BTG. 

[Made by Capt. John Pitman, Ordnanoe I>epartment. J 
10" BODMA2X GUNS, Not. 888 ▲«> 868. 



SHicoD 

Pbonphonis . 
Salphnr 



CoCa?! 



Cob 

Nfektl 

Omnbiaed oarban. 

Graphite 

Total carbon 



Ko.8e2. 
Peretnt, 


No. 868. 


Diiferanoo. 


Per emu. 


P§remU, 


him 


1.760 


0.016 


0.144 


0.130 


0.014 


0.109 


0.006 


0.011 


asoo 


0.488 


0.067 


0.064 


0.006 


0.008 


0.010 


0.008 


0.006 


O.OID 


0.016 


0.006 


0.6M 


0.607 


a 188 


2.433 


2.180 


0L802 


3.001 


2.887 


0.164 



8TBXL ^liATXS TTSID FOB SXPMOCBNTS ON AIVXTBD JOINTS. 





4" steal. 


r •teeL 


i"ateeL 


GailMni 


Par Mill. 
0.116 


PerpmL 
0L196 


Percmi, 
0.180 
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180 TESTS OF IKON AND STEEL AND OTHER MATERIALS 



No.1 
No. 2 
No. 8 
No. 4 
No. 6 
No. 6 
No. 7 
No. 8 
No. 9 



STEEL BABS. 
[Supposed to be alike.] 



Carbon. 



0.178 
0.087 
0.658 
0.180 
0.284 
0.128 
0.174 
0.188 
0.172 



T 
I 
{ Dnplicate. 

|... ao 

t do 

... do 

I ...do 

I — do 

I do 

...do 



Carbon. 



0.187 
0.094 
0.685 
0.188 
0.210 
0.129 
0.188 
0.208 



Tensile ' 
strength per 
sqnarelnoh. , 



Poundi. 
60,445 
60.165 
74.896+ 
63.280 
62,640 
69.780 
66,069 
59,645 
59,760 



•3 'a 



I 

b4 



BRONZE, ETC. 



5 



' Per Per Per 
I eeni. \ eeni, i eml. 
Hnb from cavalry , 

forge wheel....! 86.35 , 8.66 

Alloy fh>m Rook i 

Island 0.175 I 0.157 0.020 

BrasingWood- 

bridge gun 58.85 , 

Trunnion Wood- ' 

bridge gun 8. 53 \ 

Crab obelisk ....; 01.08 



I 



I \ I 



Pw 

eenC 



Pw 

OMtt. 



PW 

cent 



\ Pw \ Pvr 



9.94 I 0.040 1 1 

I 

0.488 I 0.150 I 5.005 < 0.041 



■| 



8.83 



92.64 
0.09 



0.130 
93.000 



P«r 

Mill. 

0.010 
0.052 



I 



l»«r 



Trsce. 



Tensile test of wrought iron used in spliced specimens Nos, 607, 608, 609, 

ai^d 6L0. 



FORM OF TENSILE SPEOIMENS. 

— v^ y 



_y^ 



jft" 



rv 



o 
u 


1 


Rise of specimen. 




. 


Elastic Umit. 


Ultimate strength. 




men. 


Thick- 
ness. 

Inch. 

.888 
.373 


Width. 

Inch. 
1.5*0 
1.503 


Secnonai 
area. 

Sqwireinch. 
.5820 
.5606 


Aotnal 
pounds. 

20,200 
18,050 


Pounds per 
square inch. 


Actual 
pounds. 


Pounds per 
square inch. 


605 
606 


C 
R 


84,708 
32.200 


28,500 
24,100 


48,970 


Number 
of test. 


Elonga- 
tion in 10 
inches. 


Uniform 
elonga- 
tion. 


Area at fracture. 


Contrac- 
tion of 
area. 


Appeamnoe of 
naotore. 


605 
606 


PercenL 
10.5 
6.9 


Pere^nL 
9 
6 


8qua/re tneft. 
.84 XI. 47=. 4998 
. 84 ^L 44=. 4896 


PereenL 
14.1 
12.7 


Fibrous Uunellar. 
Do. 
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TEBT8 OF IBON AND STEEL AND OTHEB MATERIALS. 181 

No. 607. 



Tensile test of ft" x 10" wrought-iron »plieed plates. 




d' o o o o b o o o h'-o "* o : 



.4- 



'Ai; 



»' J." -■ J." A J." > I 



oo o dio o oo t) 



o .J o 




^" iron rivets, "Burden's best.'' 
y' drilled holes 



No. 607. 



Gross sectional area of two spliced plates ^^78 x 1(V'=7.8 sqaare inches. 

Net sectional area of two spliced plates, '^78 x 8'^25 s= 6.44 sqaare 
inches. 

Under load of 80,000 pounds, joint A of under spliced plate opened 
perceptibly. 

While sustaining 150,000 pounds a straight edge 24!' long was placed 
on the welt and deflection of ^M3 at middle found, plates being concave 
on the side of the welt at 170,000 pounds tension. Joint A haid opened 
from ".03 to ''.04. At this load scale had started on rivet-heads B on 
sides towards middle of specimen. A load of 210,000 pounds was applied 
and then reduced to zero load, leaving a permanent deflection of ''.20 
at middle, as measured from a 24" straight edge. 

Ultimate strength of plates, 258,500 pounds, fracturing specimen at 
end rivet in welt on one side and at first rivet beyond welt on the other 
side of the plates. 

Fracture fibrous lamellar. 

Maaeimum Birain on joint. 

Pounds per sq. ineh. 

Tensile ntraiu on gross section of plates 33,141 

Tensile strain on net sect ion of plates 40. 140 

No. 608. 
Duplicate of No. 607. 

Gross sectional area of spliced plates, ".76x10"= 7.6 square inches. 
Net sectional area of spliced plates, ".76x8".25=6.27 square inches. 



Loads ap- 
plied. 



Remarks. 



Pound*, 

60, 000 , Deflection at middle, ".03, measured from 24" straight edge. 

100, 000 I Deflection at middle, ".07, measnred from 24" straight edge. 

160, 000 I Deflection at middle, ".11, measnred from 24" straight edge. 

200, 000 Deflection at middle, ".17, measured from 24" straight edge. 

I Deflecdon at middle, ".11, measured ftx>m 24" straight edge. 

250, 000 Deflection at middle, ".27, measured from 24" straight edge. 

270,100 < Ultimate strength. 
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182 TESTS OF IRON AND STEBL AND OTHER MATERIALS. 

Fractured the continuous plate and the welt at the middle of tiie 
specimen at the first rivets from joint 



fracture 


^o oo cSiooooo 


'^ 1 
QrO o o o 


jo o o o o 



r\ r\ r^ r^ r^ ^ ^ ry ^ ^ ^ ^^ "j^ ihUi:, 

^\J KJ \ J \J KJ' \J \^> \J \J ^U ^ S7 

X 'ay 

Maximum load» on joint. 

Pmudi per sq. iaeL 

Tensile straia ou gross section of plates 36, 724 

Tensile strain on net section of plates 44,514 



No. 6U9. 



fractures no'* 




OOOOOOOOOQpOOOOOOOOO 

pooooooooqfeooooooooo 



o o 
o o 







Nominal thickness of plates, f '^ 

^' iron rivets, " Burden's best''; J" drilled holes. 

Gross sectional area of spliced plates, '^73x 1(K' = 7.3 square inches. 

Net sectional area of spliced plates, ".73x8^'.25i = 6.02 square inches. 



Loads ap 
pUwJ- 



50,000 
100,000 
150,000 

aoo.ooo 

240.000 
264,800 



Bemarkft. 



l>efl6ctiou at middle, ".02, measured fh>m 24" straight edge. 
Deflection at middle, ".04, meifoared ftx>m 24" utraight edge. 
DefleotioB at middle, ".00, measured frt>m 24" straight edge. 
Deflection at middle, ".07, measured from 24" straight edge. 
Deflection at middle, ".06, measured ftt>m 24" straight edge. 
Ultimate strength. 



Fractured plate in the same manner as No. 607 ; failed. * 
Plates began to tear at rivet holes after the joint A was open ^'.20, the 
result of the distortion of the joint and the stretch of the welt and con- 
tinuous plate for the section between rivets B and Q. 

Maxvmwm loads on joint 

Pounds per sq. iaeh. 

Tensile strain on gross seotloii of plates 34,900 

Tensile strain on net section of plates 42,325 
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"^^^TB OF IBQN AND ST££L AND OTHER MATEBUL^. |^ 

No. 610. 
DaplicateofNp. 609. 

Orofis sectional area of spliced plates, '^81 x lO'' = 8.1 square inches. 
Net sectional area of spliced plates, ^'.81 x 8'^25 = 6.68 square inches* 



Loads ap- 
pUed. 



Poundt. 
60,000 
100,000 
160,000 
200,000 
240,000 
278,200 



SemailcB. 



Befleotkni at middla, ".02, meaannd from 24^' straight edg«. 
Defleotioii at middle, "M, measured from 24" straight ed|e. 
Defleotion at middle, ".06, measured from 24" strai|[ht edge. 
Deflection at middle, ".08, measured from 24" straight edge. 
Deflection at middle, ".10, measured from 24" straight edge. 
Ultimate strength. 



Fractured continuous plate and welt at middle of specimen at first 
rivets from joint. 

Iooood)looooo ? 
\^ Tl l 

looooQjooooo ji 



.V tfWeit 



Maximum loads an joint 

Pounds per sq. Inch 

TenaUe strain on gross section of plates ^, 728 

Tensile strain on net section of plates 40, 8&S 

Tensile tests of old boiler joints. 

I" Weought Iron Plate. 

Specimens taken from the cylindrical part of a locomotive boiler which 
had been in service twenty-four years. 
Diameter of shell, 52''. 

Bteam pressure carried, 130 pounds per square inch. 
Tensile test-piece No. 80 cut out crosswise the grain. 
Joints Nos. 89, 90, and 91 tested lengthwise the grain of the iron. 

No. 80. 

Sectional area, l".500x".385 = .677 square inch. 

Elastic limit, 13,600 pounds = 23,570 pounds i>er square inch. 

Ultimate strength, 26,200 pounds = 45,410 pounds per square inch. 

Bloagation, 1".34 in 10" = 13.4 per cent. 

Uniform elongation, 10 per cent. 

Area at fracture, l".37x".32 = .438 square inch. 

Contraction of area, 24.1 per cent. 

Apx)earance of fracture fibrous, with marked lamination. 
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184 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 89. 
Old Boiler Plate Joint, |" Wrought Iron. 







.% 



Broovvny ethout /t- dlmep. 




<j. 



T^vet9. 



JBTcundt eUrven. 



Fvtnch^df holes. 



The curve of the joint (conforming to the curvature of the shell of the 
boiler, 52'' diameter) was not straightened before placing in the testing 
machine. At 10,000 pounds tension the plate had straightened so as 
to open the crack whei-e grooving had taken place. This crack did not 
appear before placing the specimen in the machine, as it followed tbe 
edge of the overlapping plate in part, and for part of its course was 
covered by the overlapping plate. As strains were increased this crack 
gradually opened. At 59,700 pounds tension snapping sounds were 
heard, which were heard frequently till the ultimate strength was de- 
termined. 

Ultimate strength, 84,300 pounds. 

Fracture occurred along the line where grooving had taken place, a 
distance of 10", then turning in its course slightly and tearing through 
the end rivet hole. Appearance of fracture dull, fibrous, and fine gran- 
ular. The minimum thickness of metal at bottom of grooving was about 
".06. The average thickness about ''.09 for 10'' length. 

The area of fractured plate probably about 1.6 square inches. 

The pull exerted by the machine tending to straighten the joint may 
have caused a more unfavorable effect on the plate and caused earlier 
ailure than would have been the case when the plate was in the boiler, 
he plate fracturing under the combined tensile and bending strains. 
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TESTS OP IRON AND STEEL AND OTHER MATERIALS. 185 




No. 90. 

Old Boilbb Plate Joint, f '' Wrought Iron. 



T 






Jl 



I 



&roovinef. 




A Iron rifveta, 



Htuul cLrvven, 



JPunchetl holes. 



Snapping sound heard at 56,000 pounds tension. 

Ultimate strength, 83,500 pounds. Sheared rivets. 

This joint was cleaned and carefully examined before the test was 
made to detect evidence of grooving, if any had taken place. 

The inspection did not reveal any cracks from grooving. When, 
however, a tensile strain of 50,000 pounds had been reached, the groov- 
ing cracks appeared. 

After having sheared the rivets in the first test of this joint, the 
grooved plate was placed in the testing machine and strains applied so 
as to fracture the plate through the grooving. This was accomplished 
by a tensile strain of 206,500 pounds. 

The grooving had extended to an average depth of ''.07. The appear- 
ance of the fractured metal was fibrous, with very marked lamination. 

The head of a rivet was fractured, showing a granular appearance. 
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18^ TESTS OF IRON AND STfiSL AND OTHE& MATEB^ALI^. 



No. 91. 
Old Boileb Plate. 



3 




^ 

y 

»? 
« 




^blAVIB'^'^MBiwU 



Jt/tmn drivBht, 



Before placing this joint in the testing machine it was cleaned and 
carefdlly inspected, and by means of a scratch-awl grooving was detected 
in three places, having an aggregate length of 4|'^ An opinion at this 
time conld not be formed as to the depth of the grooving. The cracks 
coald not be followed with the point of the awl beyond the distance of 

When a tensile strain was applied and the joint began to straighten, 
the grooving opened a length of 12", Ultimate strength of joint, 84,200 
pounds. Sheared five rivets and tore the plate along the line of groov- 
ing 6^^ and through a rivet hole to the end of the lap. Maximum depth 
of grooving, ^'.28. 

From the fact that more than half the length of the grooving could 
not be seen before the test was made, it would appear very probable 
that cases of grooving exist that are wholly covered by the overlapping 
plate, and its presence even after a careful examination of the bouer is 
unsuspected. 

The plate fractured with a fibrous appearance, slightly granular. 




Appoft T Mioe of Araetnred plate, Joint No. 91. 
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13QT8 Q¥ n^N AND STESL AND OXmSB M47:EBIAI^$. 

T(9iM»l0 ^f« of single and double refined wrought iron. 

Bound Bars. 



ia7 



(Etingle refined bars from the Passaic Boiling Mil^ Con^panyy^a^r- 

son, N. J.) 



o 



"^m- 



[rORM OF SPKCntVtS.] 



No. 693. 
Mark on bar, S. 18. 
Diameter, 2'^01. 

Sectional area, 3.17 square inch^. 
(Ranged length, 8(K^ 



Loads ap- 
pUed. 



Pounds per 
square inch. 



Elongation. 



Ineh. 

0. 

.0127 
.0276 

".0425 
.0572 



Poundi. I 

3. 170 1, 000 

15,860 I 5.000 ! 

31, 700 10, 000 
I 1,000 

47,560 15,000 I 

08,400 20,000 

1,000 I. 

05,000 1 

06.000 

07,000 1 

68,000 , 

00,000 

70.000 , 1 

71,000 I I 

72,000 I I 

73,000 I I 

74,000 

75^000 I 

70,000 ; 

77,000 I 

78,000 24,600 

7»,000 

80,000 

81,000 j 

82,000 1 

88,000 

84,000 .1 

86,000 

86,000 : I 

87,000 I ; 

68,000 I : 

90,000 ! i 

92,000 , 

06,100 80,000 - 

110,050 ! 85,000 

126,800 ; 40,000 

,142.650 45,000 I 

154,400 

I 

157,600 I 48,680 ,15.20 

15.68 



.0608 
.0618 



.0637 
.0650 



.0670 



.0710 

.0721 

.0733 

.0748 

.0780 

.0797 

.0815 

.0829 

.0860 

.0874 

.0926 

.00^ 

.0968 

.1015 

.650 

.90 

2.12 

8.82 

6.84 
12.00 



Pennanent 
set. 



Inek. 



Bemarks. 



:i 



Elastic limit. 



Unstained load 5 minutes. 



Elongation of lO'' sections: ".81, 

".86, ".89, ".88, ".88, ".89, ".89, 

".87. 

Bested 5 minutes. 

I Ultimate strength. 

I =19.5 per cent. 



Elongation of W sections: V\67 (2'^46 at fracture), l'^92, 1''.90, 



1''.89, r^96, ^^96, l'^90. 



Diameter at frttcture, 1^^66; area, 2.16 square incbes. 
Oontraction of area, 32 per cent. 
Fracture fibrous, slightly granular. 



Digitized by VjOOQIC 



188 TESTS OF IBON AND STEEL AND OTHEB MATERIALS. 



No. 694. 
Mark on bar, S 19. 
Diameter, 2^'.01. 

Sectional area, 3.17 square inches. 
Gauged length, 8(K^ 



Loads ap- 
pUed. 



8,170 
16,860 
81,700 

"i7,'660" 
08,400 



I Poonds per 
I square inch. 



06,000 
60,000 
67,000 
68,000 
60,000 
70.000 
71,000 
72,000 
78,000 
74.000 
75,000 
76,000 
77,000 
78,000 
70,000 
80,000 
81,000 
82.000 
88,000 
84.000 
86,000 
86.000 
87,000 
88,000 
89,000 
90.000 
06,100 
110,950 
126,800 
142,650 

156.400 




1,000 

5,000 
10,000 

1,000 
15.000 
20,000 

1,000 



HoBgatioii. 



PemiaKit 



0. 
.0120 



Inch, 



.0545 



25,870 



80,000 
85,000 
40,000 
45.000 

49,388 




.0555 
.0568 
.0572 
.0581 



.0610 
.0620 



.0650 
.0661 
.0671 



.0705 
.0716 
.0729 
.0745 
.0758 
.0777 
.0706 
.0818 
.0836 
.0867 
.185 

1.00 

2.29 

4.06 

7.00 



-.0006 



Elastio limit. 



14.66 



. Sustained load 6 minutesi 
. I stretohing still going on. 

.; Elongation of 10" sections! 
. ".8?, ".89, ".90. ".90, ".88, ".89. 
' ".89, ".85. 
. I Ultiinate strength. 
.1 =18.8 percent 



Elongation of 10'' sections: 1''.65, V'.12, 1".70, 1".69, 1".81, 1".90 
(2".50 at fracture), 1''.70. 
Diameter at fi*acture, 1''.58; area, 1.96 square inches. 
Contraction of area, 38 per cent. 
Fracture, fibrous. 
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No. 695. 
Mark on bar, S 20. 

Diameter, 2'^01; seotional area, 3.17 sqaare ioches. 
(Ranged length, 80'^ 



Loads ap- 
plied. 



Poundi. 
3,170 
15,850 
81,700 



47,650 
63.400 



95,000 
66.000 
67,000 
68,000 
60,000 
70,000 
71.000 
72,000 
73,000 
74,000 
75,000 
76.000 
77,000 
78,000 
79.000 
80,000 
81,000 
82,000 
83,000 
84.000 
85,000 
86.000 
87,000 
88,000 
80,000 
05,100 
110.950 
126,800 
142,650 

154,000 




Pounds per 
square meh. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1.000 



24,020 



30,000 
85,000 
40,000 
45,000 

48*864 




Elongation. 



Tnch. 
0. 

.0120 
.0270 



.0424 
.0577 



Permanent 



Bemarka. 



InOi. 



^0005 



.0697 
.0605 
.0618 
.06-29 
.0639 
.0650 
.0660 
.0670 
.0681 
.0696 
.0708 
.0724 
.0735 
.0748 
.0760 
.0775 
.0788 
.0805 
.0820 
.0834 
.0850 
.0868 
.0889 
.0938 
.205 

1.00 

2.25 

4.10 

7.80 



.0014 



14.69 



Elastic limit. 



Yielding .oontinues. 



Elongation of lO'' sections: 
".87, ".93, ".92, ".93, ".92, ".91, 
".91, ".90. 

Ultimate strength. 

= 18. 4 per cent. 



Elongation of W sections: V'.62 (2''.34 at fracture), l'^76, r'.82, 
1".81, l".8l, r^76, ^^79. 

Diameter at fracture, l'^59 ; area, 1.99 square inches. 

Contraction of area, 37 per cent. 

Appearance of fracture fibrous, with some cinder at center. 
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l&O TeATS OlP IBON AND STEfiL iND OTHElt MltEftklLS. 



DouBLB-BEFnrEB WBouaHT Iron. 

Mark on bar, 8 218. 

Diameter, 2'^01; sectional area, 3.17 square inches. 

Ganged length, 80^^ 



Loads ap. 
plied. *^ 

Paunda. 

8,170 

15.850 

81,700 


Poands per 
square incb. 

1,000 

5,000 
10,000 

1,000 
15,000 
20.000 

1,000 


SlongathM. 


Permaaeiit 
set. 


Bamarks. 


0. 


InOL 


.0U9 
.0868 






-.0099 


47.560 
63,400 


.0416 


.0669 


"-iiii" 




65,000 
66,000 
67,000 
; 68,000 
69.000 
70,000 
71.000 
72,000 
78,000 
74,000 
75.000 
76.000 
77.009 
78,000 
79,000 
80,000 
81.000 
82,000 
88,000 
84,000 
85.000 
86,000 
87,000 
«6,090 
89,900 
90.000 
91.000 
92,000 
93,000 
94.000 
96,100 
f 10 fiiO 


iiiiiiiiiiiilil 






























! 











Elastic Itanli. 








* ■'ii.'iio'"" 








M^ 




' 'fwin 






.0751 
.0762 








1 

;'.ffl, ".ii, ":ft,''.84. ".88, ««, ' 
fieste&iuiitfiit^ 

=20.4 per cent. 

— 




.0777 
0789 








..... ^. 


. 0806 
.0820 
.0888 
.0850 
.0865 


.............. 


... 




* 














.0882 




.0902 
.0956 
.1650 
.47 
8.10 


• 






80,000 






i^'soo '^% 


8.76 
6.55 




142,650 
158,600 


45.000 
'a' 






160.500 50.681 

1 A 


"iiii 













Elongation of W sections: T'.OO, l".a5, 2'M9, 2''.t8, 2".01, 2"M, 
1".97, 2'M3. 

Diameter at fracture, 1''.54; area, 1*86 square inches* 

Oontraction of area, 41 per cent 

Fracture fibrous; broke outside 80" section, 2" from fiace of holder 
jaws. 
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JTo. 691 
Mark on bar, S 219. 

Diameter, 2''.01- sectional area, 3.lt square inches. 
Ganged length, S(y'. 



Loads ap- 
plied. 


fWMkdsper 
aqvare faieh. 

1,000 

5^000 
10,000 

1,000 
15,000 
20.000 

1.000 


Ineh, 
0. 

.0124 
.0270 


PenMaent 
Mi. 


IfoiOMs. 


1 


Poimd*. 

8,170 

15^850 

81,700 

"■* 47.550*"" 
88,400 


JfUk, 


^;.78, ".78, ".78, ".79. "80, 

BflBtedSmbiutM. 
TTmniAte stmigth. 
=26.6 percent. 






0. 


.0428 
.0580 


1 






0. 




85.000 
88,000 
87,000 
88,000 
89,000 
70 000 

ass 

78,000 
74.000 
75,000 
78,000 
77,000 
78,000 
79,250 


.0580 
.0691 
.0800 
.0810 
.0820 
.0880 
.0840 
.0848 

:SIS 

.0875 
.0885 
.0895 
.0704 
.0718 








1 






".78, 
".79. 












































25,000 
1,080 




.0006 


80,000 
81.000 
82,000 
^,000 
84,000 
86.000 
88.000 


.0788 
.0740 
.0750 
.0788 
.0774 
.0785 
.0798 
.0811 
.0824 
.0840 
.0858 
.0888 
.0885 
.0902 
.0918 
.0086 
.0988 
.815* 
.97 

1.90 

8.60 

8.18 

























87,000 






^ 88,000 






1 oV. 000 




90,000 






91,000 






98,000 






98.000 






94.000 




96,000 

120,800 
142,850 
180,500 
















III 











60,915 






181,400 






i 


20.87 









*Abettt. 



Elongation of Id'' tteottons : 2'M9, ^'.26, 2^'.49, 2",40 f2".t5 at ii*act- 
nre), 2".90, 2".44, 2".72. 
Diameter at fracture, 1".60; area,. 1.77 CMlQiife iUcDf^. 
Contraction of area, 44 per cent. 
Fractnre fibrons, cnp-sliaped. 
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3^0. 598. 
Mark on bar, 8 220. 

Diameter, 2"M ; Bectional area, 3.17 square inches. 
Ganged length, 8(K'. 



Loads »p- 
pUed. 



Poundt. 

8,170 

15,850 

81.700 



47.550 
64,400 

66.660" 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
78,000 
74,000 
76,000 
76,000 
77,000 
78,000 
79,250 

86,666 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
90,000 
91,000 
92,000 
93,000 
95,100 
110, 950 
126, 800 
142,650 
158,000 


159, 150 
146,000 





Pounds per 
square inch. 



1,000 

6.000 
10,000 

1,000 
16,000 
20,000 

1,000 



Slongatton. \ P«™^«»t \ 



Ineh. 

0. 

.0120 
.0270 

' .'042i' 
.0570 






.0008 



.0016 



.0610 
.0619 
.0629 
.0640 
.0650 
.0660 
.0670 
.0680 
.0690 
.0701 
.0714 
.0725 



25,000 , .0738 
1 Tooo 


.'6647*"* 


1 .0750 




1 .07tt2 





0776 




.0790 





1 .0808 




.0820 




.0831 


■ 


i 0848 


::::::::::::;:. 


.0869 




.0890 




' 0910 




1. .0948 




.134 


1 


1 .400 




80,000 .90* 
35,000 2.10* 
40, 000 8. 80* 
45, 000 6. 65* 












' 




60,205 








1 19. 00 






1 



Elongation In 10" sections : ".81 , 
".82. ".86, ".84, ".86, ".86, ".83, 
".82. 

Rested 8 minntes. 

Ultimate strength. 

At time of fVactorsi 

=28.7 per cent. 



* About. 



Elongation of 1(K' sections: 2'MO, 2'^06, 2'^21, 2".38, 2".39 (3''.35 at 
fracture), 2".30, 2'M3. 
Diameter at fracture, 1".50 ; area, 1.77 square inches. 
Contraction of area, 44 per cent. 
Fracture fibrous, cup-shaped. 
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Tewtile tests of single and double refined. 
Wrought Iron, Eound Bars. 

[From tlie Elinira Iron and Steel Rolling Mill Company.] 



FORM OF SPECIMEN. 



o 



n 



SENGLE REFINED BARS. 



No. 599. 
Mark ou bar, L S. 

Diameter, 2'^03 ; sectional area, 3.24 square inclies. 
Gauged length, 80". 



Loads ap- 
pUed. 



' Ponnda per i 
sqnare inch. 



Elongation. 



Permanent 
set 



Kemarks. 



Potinds. 
3,240 
16,200 
32,400 

"*48»'60i" 
64,800 

*'66,*o66" 
67,000 
68,000 
60.000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
70,000 
80,000 
81,000 



83,000 

84.000 

86,000 

86.000 

87.000 

88,000 

89,000 

90,000 

91,000 

92,000 

03,000 

04,000 

06,000 

06,000 

07,000 

08,000 

100,440 

118,400 

120^600 

146,800 

166,600 



167.400 





1,UU0 

5,000 
10,000 

1.000 
15.000 
20,000 

1,000 



Inch. 
0. 

.0125 
.0270 



Inch. 



.0422 
.0565 



.0575 
.068.5 
.0504 
.0604 
.0611 
.0621 
.0631 
.0640 
.0650 
.0660 
.0670 
.0680 
.0600 



—.0000 





.0700 




• 




.0711 
.0721 

.0730 

.0750 

.0762 

.0775 

.0787 

.0801 

.0815 

.0831 

.0848 

.0850 

.0874 

.0800 

.0000 

.0036 

.0070 

.1053 

.206 

.70 

L50 

2.06 . 

5.36 




' 25,000 
1,000 




—.0002 















































































81,000 
86,000 
40.000 
46,000 













".70, ".70, ".60, ".60, ".60, ".68, 
".68,".66l •••-«. 











Bested 8 minutes. 


31,667 







= 22 per oent 


17.6 




I 





Elongation of lO'' sections: 2".38, 2".30, 2".19 (2''.86 at fracture), 
2'M6, l".9li, 1".96, 1".77. 

Diameter at fraetnre, 1".63; area, 2.09 square inches. 
Contraction of area, 36 per cent. 

Appearance of fracture : Fibrous, 70 per cent. ; granular, 30 per cent. 
S. Ex. 1 ^13 
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^^o. 60(). 

Maxk on bar, L 9. 

Diameter, 2".02; sectioual area, 3.20 square iuclies. 

Gauged length, 80". 



Loads ap- 
I plied. 



Pounds. 

3.200 

18,000 

32,000 

**48,o66 ■ 

64,000 

**66,000" 
68,000 
70,000 
72,000 
74,000 
75,000 
76,000 
77,000 
78,000 
70,000 
80,000 

"81,000" 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
80,000 
90,000 
91,000 
92,000 
93,000 
94,000 
05,000 
96,000 
97.000 
98,000 
102,200 
112,000 
128,000 
144,000 

162,700 




PoundB per 
aqnare inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



25,000 
1,000 



EIongRtidD. 



Inch. 
0. 

.0118 

.0265 

Voiii" 

.0572 

**."6606' 
.0610 
.0630 
.0650 
.0670 
.0682 
.0693 
. 0703 I 
. 0715 ' 
. 0727 
.0740 



Permanont 
set. 



Inch. 



Remarks. 



.0002 



.0751 
.0765 
.0780 
.0790 
.0801 
.0815 
.0829 
.0843 
.0857 
.0873 
.0890 



•I 



.0024 





.0810 
.0928 




.09.% 


1 


.0970 


1 


.0905 ! 




.1034 I 


1 


.465 ! 




.85 i 


35,000 
40,000 

1 45,000 

! 

60,844 



1.45 i:..:::;::::::. 


3. 00 1 


5.35 i 

1 


i8.6 1 







SloDfcations of 10" 
".66, ".67, ".68, ".68, 
".66, ".67. 

Ultimate strength. 

= 16.3 per cent. 



sections: 
".70, ".86, 



Elongations of 10'' sections: 1".55, 1".60 (1''.82 at fracture), 1''.68, 
1".60, V'Mj 1''.55, V'M. 
Diameter at fracture, 1''.78; area, 2.51 square inches. 
Contraction of area, 22 per cent. 
Appearance of fracture: Fibrous, 15 percent.; granular, 85 per cent. 
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No. 601. 
Mark on bar, L 10. 

Diameter, 2'^02; sectional area, 3.20 square inches. 
Gauged length, 80^'. 



Loads ap- 
plied. 



Pounds. 
3,200 
16,000 
32,000 



48,000 
64,000 



66,000 
68,000 
70,000 
72,000 
74,000 
75.000 
76,000 
77.000 
78,000 
79,000 
80,000 



Pounds per 
square inch. 



BlongaUon. I ^^^^^^ 



81,000 
•62,000 
88,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
90.000 
91.000 
92,000 
93,000 
94,000 
95,000 
96.000 
97,000 
98,000 
99,000 
100,000 
112,000 
128,000 
lU.OOO 
169,500 


169,800 
152,000 





1,000 

5,000 
10,000 

1.000 
15.000 
20.000 

1,000 



25,000 
1,000 



35.000 
40.000 
45,000 




53.062 



Inch. 

0. 

.0125 
.0270 

".'oiii' 



Inch. 



Remarks. 



.0005 



.0586 
.0606 
.0621 
.0644 
.0660 
.0669 
.0680 
.0689 
.0700 
.0709 
.0719 



.0005 



.0730 
.0736 
.0746 
.0757 
.0767 
.0780 
.0790 
.0800 
.0811 
.0824 
.0837 
.0854 
.0865 
.0881 
.0900 
.0916 
.0931 
.0950 
.0971 
.122 

1.20 

2.47 

4.55 



.0007 



16.80 



Elonfcations of 10" seetiona: 
".55, ".56, ".56, ".59, ".B8, ".59, 
".59. ".59. 

Rested 8 minutes. 

TTltimate strength at time of 
fhMture. 

= 21 per cent 



Elongation of 10" sections: 1".73, l'^89, l'^90, 2'M2, 2M6, 2''^, 
r'.30, 2'MO. 
Diameter at fracture, 1^^56; area, 1.91 square inches. 
Contraction of area, 40 per cent. 

Appearance of fracture: Fibrous, 95 per cent.; granular, 5 per cent* 
Broke outside 80" section, 6" from face of holder jaws. 
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Double Kefined Wrought Iron Bars. 

No. 602. 
Mark on bar, L 208. 

Diameter, 2''.02; sectional area, 3.20 square inches. 
Gauged length, 80''. 



Loads ap- 
pUed. 



Poundi. 

8,20« 

18,000 

32,000 



48,000 
84,000 



88,000 
68,000 
70.000 
72,000 
74,000 
75,000 
76,000 
77,000 
78, 000 
70,000 
80,000 



Pounds per 
sqaare inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



Elongation. 



Inch. 
0. 

.0120 
.0271 



.0421 
.0671 



81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
80,000 
90.000 
91,000 
92,000 
93,000 
94,000 
06,000 
112,000 
128,000 
144.000 
160,000 



180,600 





25,000 
1,000 



.0590 
.0810 
.0829 
.0850 
.0870 
.0680 
.0890 
.0700 
.0710 
.0720 
.0730 




.0745 
.0758 
.0768 
.0780 
.07W> 
.0801 
.0816 
.0829 
.0844 
.0858 
.0871 
.0887 
.0005 
. 0921 
.60 

L78 

8.87 

6.10 



Pemianeut 
set. 



Inch. 



Remarks. 



.1 



.0020 

i 

I 

.6020""' 



1&16 



Elongation of 10" seotioiia: ".75^ 
".78, ".77, ".78» ".79, ".79, ".79. 
".79. 

Rested 2| minutes. 

Ultimate strength. 

= 22.7 per cent. 



Elongation of 10'' sections: 1",70, 1".88, 1".94, 2".14, 2".19, 2".40, 
3".02, 2".84. 
Diameter at fitwjture, 1".53 ; area, 1.84 square inches. 
Contraction of area, 4^3 per cent. 
Appearance of fracture fibrous, cup-shaped. 
Broke J" outside gauged length, 12" from face of holder jaws. 
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No. 603. 
Mark on bar, L 209. 

Diameter, 2".02; sectional area, 3.20 square inches. 
Oanged length, 80". 



197 



Loadn ap- 
plied. 



Pfundt. 
3.200 
16,000 
32,000 

""4«,*oo6" 

64,000 

"66,'o6o"* 
68,000 
70,000 
72.000 
74,000 
76.000 
78,000 
80,000 

" 8i,'o66"" 

82,000 
88,000 
84,000 
86,000 
86,000 
87,000 
88,000 
80,000 
90,000 
01,000 
92,000 
93,000 
94,000 
96,000 
96,000 
99,200 
112,000 
128,000 
144,000 
130,400 



150,800 

143,000 





Pounds per 
square inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



26,000 
1,000 



31,000 
36,000 
40,000 
45,000 




49,037 



Klongation. 



Inch. 
0. 

.0125 
.0270 

".'6416*" 
.0560 

""."6676" 
.0564 
.0610 
.0628 
.0646 
.0661 
.0670 
.0686 

'."0706" 
.0712 
.0721 
.0731 
.0740 
.0750 
.0760 
.0770 
.0781 
.0702 
.0800 



.0856 

.0876 

.65 

.80 
1.80 
a50 
6.33 



Permanent 
set. 



Inch. 



.0019 



.0004 



Remarks. 



I 

."6oi8'""i 



18.05 



.1 Elongation of 10" geotions: "M, i 

. I ".81, ".81, ".81, ".80, ".80, ".79, 1 

.: ".77. 

.1 Rested 3 minutes. { 

.! Ultimate strength at time of | 

. I fracture. 

J =22.6 per cent i 



Elongation of 10'' sections : 2".3l, 2".59 (3".60 at fracture), 2".31, 
2".02, 1".83, 1".71, 1".66. 

Diameter at fracture, 1".50 ; area, 177 square inches. 
Contraction of area, 45 per cent. 
Fracture fibrous, cup-shaped. 

No. 604. 
Mark on bar, L 210. 

Diameter, 2".02; sectional area, 3.20 square inches. 
Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 

3,200 

16,000 

32,000 

"'48,'000'" 



I Pounds per 
, square inch. 



1,000 
5,000 

10,000 
1,000 

15,000 



Elongation. 



Permanent 
sot. 



Remarks. 



Inch. Inch. 

0. 

.0120 I 

.0265 

—.0004 

.0410 I 

I 
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Loads ap- I Pounds per 
plied. square inch. 



Elougation. 



Pound». 
64,000 

' "66,*000' * 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 

*'8i,*o66*' 

82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
90,000 
91,000 
92,000 
93,000 
94,000 
95,000 
96,000 
99,200 
112,000 
128,000 
144,000 
160,400 



160,600 





20,000 
1,000 



25,000 
1,000 



31,000 
35,000 
40,000 
45,000 





50,188 





Permanent 
set 



Remarks. 



.0552 


Inch. 




—.0020 


. 0570 




.0590 
.0010 





.0630 
.0650 
.0668 
.0690 
.0710 



.0723 

.0735 

.0748 

.0763 

.0776 

.0790 

. 080.*) 

.0819 

.0835 

.0854 

.0870 

.0896 

.0920 

.0945 

.0960 

.765 

.86 

1.70 

3.35 

6.07 



-.0010 



15.96 



Elongation uno" sections: ".78^ 
".76. ".76, ".76, ".75, ".75, ".77. 
".79. 

Ultimate strength. 
= 19. 9 per cent. 



Elongation of 10" sections: 1".81, 1".93, 1".96, 1".87, 1".87, r'.91, 
2".04, 2'^50. 

Diameter at fracture, 1".52; area, 1.82 square inches. 

Contraction of area, 43 per cent. 

Fracture fibrous, cup-shaped ; broke 2" outside of gauged section and 
10" from face of holder jaws. 

Tensile tests of single and double refilled wrought iron {round bars), 
[Tabulated results. J 



i^ 


1 

§ 


1 
Kind of iron. 


II 

H 


h 

« 

CO 


s 


« 

it 


is 
Is 

35 




503 
S94 
505 


S18.. 
S19.. 
S20.. 


. Single refined . 

.'....do 

...do 


Inch. 

2.01 
2.01 
2.01 


Sq. in. 

3.17 
3.17 ' 
3.17 


Lbs. per 
sq.tn. 
24,600 
25,870 
21,920 


49,680 
49,338 
48,864 


Per 

cent. 
19.5 
18.3 
18.4 


Per 

cent. \ 
32 
38 1 
37 1 


506 


S218 
S219. 
S220. 
L8 . 


Double refined 

do 

do 

. Single refined. 

...do 


2.01 
2.01 
2.01 
2.03 


3.17 
3.17 
3.17 
3.24 


24, 610 


SO, 631 
50, 915 
50, 205 
51,667 

50,844 


20.4 
25.5 
23.7 
22 


*1 . 
44 


fiOR 




44 ' 


fiOO 




36 • 


600 


L9.. 


2.02 


3.20 




16.3 


22I 


601 


LIO. 


r-^o 


2.02 


3.20 





5.3, 062 


21 


40 


(Ml? 


L208. 
L209. 
L210 


. Double refined 

.'...do 

do 


2.02 
2.02 
2.02 


3.20 
3.20 1 
3.20 




50.156 
49,937 
50,188 


22.7 
22.6 
19.9 


43 : 


669 




45 1 


404 




43 , 







' . .. 


. _ . 














Appearance of fraotara. 



j Fibrous : slightly granular. 
I Fibrona. 
37 I Fibrons, with some cinder 
at center. 
, Fibrons. 

Fibrons ; cup-shaped. 
! Do. 

I Fibrons, 70 per cent ; 
I ular, 30 per cent. 
Fibrous, 15 per cent. ; 

ular, 85 per cent. 
Fibrous. 95 per cent. ; 

nlar, 5 per cent. 
Fibrous; cup-shaped. 
Do. 
Do. 



gtan- 
graa- 
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No. 362. 

Wrought Iron, Single Rolled Bar. 
kSupplemeiitary test of No. 973. 

Mark on bar, L 5. 

Bar tested a second tinie after about eight months' rest. 

Original sectional area of bar, 5''.05xl."28=6.46 square inches. 

Eapid stretching began at 365,000 pounds = 66,500 pounds per square 
inch. Ultimate strength, 381,000 pounds = 58,980 pounds per square 
inch on original section. 

Area of fracture, 4".70 x l'M4 = 5.36 square inches. s 

Contraction of area (from original size), 17 per cent. 

Fracture: Granular, 70 per cent.; fibrous, 30 per cent. 

10'' sections after second fracture, elongations of B: 2".10, 1".86, 
1".80, 1".80, 1".86, 1".82 A. 

Second fracture occurred 16" from the first fracture. 

Bar heated slightly liotter than cherry-red, and allowed to cool in the 
open air. About 12" to 15" of the ends were not heated. 

Average sectional area of bar, 4".75 x l'M7 = 5.56 square inches. 

Gauged length, 50". 



; Loads ap- 
I pUed. 



Poandfl per 

square inch 

on reduced 

seotioD. 



Pound§. 
5, 560 1, 000 

27, 800 5, 000 

55, 600 10, 000 

1,000 

83, 400 15, 000 

111, 200 20, 000 

1,000 

115,000 , 

120,000 

125,000 

130,000 

135,000 

140, 000 26. 080 

146,000 

150,000 

234, 000 42, 000 
21,670 

36,220 



Elongation. 


Permanent 
set. 

Inch. 


Remarks. 


Inch. 
0. 




.0080 






.0188 






0292 


.0008 




.0401 








.0030 




.0421 




.0448 






.0470 






.0498 






.0525 
.0560 
.0780 
.1770 




Elastic limit. 

Ultimate strength. 
Elastic limit on original sec- 
tion. 

Ultimate strength on original 
section. 











Broke 17^" from end A. Fracture, fibrous, 100 per cent. 

This fracture took place near tlie end of the annealed section of the bar. 

Stretch of bar about 33 per cent, from original length. 

Bar tested again, breaking with 269,000 pounds = 48,380 poui^ds per 
square inch = 41,640 pounds per square inch on original section. Frac- 
ture, fibrous, 100 per cent. 
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200 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Supplementary tests of single and double rolled icrought-iron bars. 

No. 384. 
Mark on bar, L 2. 
Bar retested after ten months' rest. 

Present sectional area (average section), 2".84 x ".94 = 2.67 square 
inches. 
Gauged length, 50". 



Loads ap- 
plied. 



Pounds. 
2,670 
18,850 
26.700 



40,050 
58,400 



66,750 
80,100 



86,000 
90,000 
95,000 
100,000 
106,800 



110, 000 
116,000 
116,000 
117,000 
118,000 
119,000 
120,000 
121,000 
122,000 
123,000 
124,000 
125,000 
126.000 
127.000 
128,000 
129.000 
130,000 
131,000 
132,000 
138,000 
134, 000 
135,000 
136,000 
137,000 
138,000 

139, 000 

140, 000 
141,000 
142,000 
143, 000 
144,000 
145,000 
146,000 
147, 000 
148,000 
149, 000 
150,000 
151,000 
152,000 
153, 000 
154,000 

155, 000 

156, 000 
157,000 
158, 000 
159, 000 
160, 000 
161, 000 
162, 000 
163, 000 
164,000 



^"SSj'lSSi;. Elong.U«n. P«™™<»t 



square inch 



1,000 

6,000 
10,000 

6,000 
16,000 
20,000 

1,000 
26.000 
80,000 

1,000 



Inch. 



.0178 
.0175 



.0276 
.0365 



.0460 
.0558 



40,000 
1.000 



.0500 
.0628 



.0695 
.0742 



Inch. 



Remarks. 



.0005 



.0008 

.ooio" 



.0768 
.0800 
.0608 
.0816 
.0825 
.0830 
.0838 
.0846 
.0862 
.0868 
.0866 
.0875 



.0011 



I. 



.0895 

.0905 

.0910 I. 

.0918 |. 

.0922 

.0930 

.0988 

.0946 

.0955 

.0960 

.0968 

.0075 

.0984 

.0990 

.1000 

.1008 

.1015 

. 1022 

. 10.30 

.1038 

.1048 

.1055 

.1062 

.1072 

.1080 

.1090 

.1100 

.1108 

.1118 

.1128 

.1138 

.1148 

.1158 

.1168 

.1178 

.1188 

.1200 
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TESTS OF IRON AND STEEL AND OTHEB MATERIALS. 201 



LohiIh an- 
PIUmI. 



I ! 

Pounds per -pi «♦!,.« 

square inch. Elongation. 



Permanent 
set. 



RenmrkH. 



Pound*. 
lOo, 1100 
1««, 000 
1«7, 000 
108,000 
169,000 
170,000 
171,000 
172, 000 
173,000 
174,000 
175. 000 
178,000 
177,000 
178,000 
170.000 
180,000 



103, 200 




72,360 




Inch. 
. I'ilO 
.1225 
.1238 
.1250 
,1262 
.1278 
.1200 
.1308 
.1322 
.1340 
.1358 
.1378 
.1400 
.1428 
.1455 
.1400 



Tneh. 



ElRtttlc limit on original area, 
53, 020 poiinda per square inch. 



3.40 



Ultimate strength on original > 
area 68, 130 ponnds per square i 
inch. 

= 6. 8 per cent. 



Elongation of 10" sections from original lengths: 2".41, 2".72, 2".70 

^rt^, 2".47, 2".30, 2".20, 2".01. 

Area at fracture, 2".72x ''.88=2.39 square inches. 
Oontraction of area from original section, 21.9 per cent. 



Granular fracture. 



No. 385. 



The longer fractured end of bar No. 384 was now taken and healed 
over an open fire till dull red in daylight, and then cooled in open air. 
Present sectional area, 2".80 x ".92 = 2.58 square inches. 
Gauged length, 20". 



Loads ap- 
pUed. 


Ponnds per 
square inch. 


Elongation 


Pounds. 




Inch. 


2.580 


1.000 


0. 


12,000 


5.000 


.0028 


2.5,800 


10,000 


.0062 


38.700 


1.5,000 


.0100 


.51,600 


20, 000 
1.000 


.0140 



Permanent 
set. 



Remarks. 



55,000 

58,000 I 

61,000 

64.000 

67,000 

70. 000 27, 130 

73.000 ; 

76,000 

70,000 

82,000 

85,000 

126. 200 48, 010 



Tneh. 
i 

.0008 " 

.0150 

.0160 • 

.0170 

.0185 

.0101 

.0200 Elastic limit, 22,880 pounds per 

. 0221 * square inch on original seo- 

' .0358 tion. 

5 • J^ I A fter sustaining load 3 minutes. 

!0750 

.147 

! Ultimate strenfi:th.41,240poundfl 

per square Inch on original 
section. 
1.32 =7.6 per cent. 



Elongation of original 10" sections: 3".60, 3".08 .3^, 2".91. 

Area at fracture, 2".52 x ".80 = 2.02 square inches. 
Contraction of area (from original section), 34 per cent. 
Fracture, dull fibrous. 
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202 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 38C. 

{Supplementary test of bar L 201 . 

liested since original test ten months. ' 

Present sectional area (average, 2".S7 x ".95 = 2". 73 square incbeSh. 
Gauged lengtb, 50". 



Loads ap- 
plied. 



I Ponnda per Blongation. i Permanenl 
square iDch. , «'»""^»*'»""' get. 



Remarks. 



rtninds. 

2, 730 1. 000 

13, 650 5, 000 

27, 300 10, 000 

54. 600 20. 000 

81, 900 30. 000 

109. 200 40, 000 
1.000 

122, 850 45, 000 

13G, 500 50, 000 
1,000 

138,000 

140,000 

142,000 

144,000 ' 

146,000 

148,000 

160,000 

161,000 ' 

152,000 

153,000 

154,000 

155,000 

166,000 

157,000 

158, 000 

159,000 

160,000 

161,000 

162.060 

163,000 

164,000 

165,000 60,440 , 

166.000 

167,000 ; 

168.000 

169,000 

170,000 

171,000 

172,000 ! 

173,000 • 

174,000 

175,000 

176,000 

178,000 

180,000 

182,000 

184, 000 

193, 000 70, 690 



Inefi. Inch. 

0. ; 

.0080 

.0180 

.0370 

.0560 

.0748 
0006 

.0840 

.0940 

.0011 

.0955 ; 

.0968 ' 

.0982 

.0999 

.1013 

.1030 

.1046 , , 

.1058 

.1064 I 

.1072 

.1081 1 

.1090 

.1100 

.1110 

.1120 

.1128 1 

.1138 

.1150 

.1160 

.1170 

.1180 

.1192 I I Elastlclimit, 53, 920 pounds per . 

• 1206 sqaare inch on oneinal sec- , 

.1218 I tiin. 

.1230 1 

.1245 I ! 

.1258 

.1272 I i 

.1288 ; 

.1805 I 

.1320 

.1840 

.1360 

.1408 

.1480 

.1.15 

.533 

Ultimate s tr on gtli, 63,070 : 

pounds per square inch on ' 
original area. 
2.13 -- 4.8 per cent. 



Elongation of 10" sections from origiual lengths : 8".2S \^, 1",99, 
1",93, 1".98, 1".95, 2''. ^^ 

Area at fracture, 2".76 x ".89 = 2.46 square inches. 

Contraction of area (from original area), 19.6 per cent. 

Fracture: Granular, 90 pt^r cent. ; with fibrous spot, 10 per cent. 

The longer fractured end of bar No. 3S6 was now taken and heated 
over an open fire till it wouhl melt solder rubbed on its surface; tem- 
perature calle<l 370O, «illowed to cool in the open air. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 203 

No. 387. 
L 201, continaed. 

Present sectional area, 2'^83 x ''.92 = 2.6 sqoare inches. 
Gauged length, 20"'. 



Loada ap- 
pUed. 



Poundi, 
2,600 
13.000 
26.000 
2.600 
18,000 
26,000 
39,000 
52,000 

"m.ooo"' 

58.000 
61,000 
64.000 
67,000 
70.000 
73.000 
76,000 
70,000 
82,000 
85,000 
88,000 
91. 000 
94,000 
97,000 
100,000 
103,000 
106,000 
109,000 
113,000 
115,000 
118,000 
121,000 
124,000 
127,000 
130, 000 
133,000 
136,000 
139.000 
142,000 
145,000 
148,000 
151. 000 
154,000 
157,000 
160,000 
163,000 
166,000 
160,000 
176, 000 




Ponndfl p«r 
square inch. 



Elongation. 



1,000 

5,000 

10,000 

1,000 

5,000 

10,000 

15,000 

20,000 

1.000 



67,700 




Inch. 

0. 

.0030 
.0068 

0. 
.0030 
.0068 
.0108 
.0145 



.0155 
.0162 
.0171 
.0180 
.0190 
. 0200 
.0208 
.0215 
.0225 
.0235 
.0241 
.0250 
.0260 
.0270 



.0295 
.0305 
.0312 
.0320 
. 0330 
.0339 
.0348 
.0356 
.0365 
.0370 
.0380 
.0388 
.0398 
.0408 
.0415 
.0422 
.0432 
.0442 
.0452 
.0462 
.0470 
.0480 
.0490 



Permanent 



Inch. 



Bemarks. 



I 



intimate strength, 57,520 
I pounds per sqnare inch on 
I original section. 



Area at fracture, 2".56 x ''.78 = 2 square inches. 

Contraction of area (from original section), 34,6 per cent. 

Fracture fibrous, (50 per cent. ; interspersed with granular spots, 40 
pe^ cent. 

Broke outside 20", gauged length. 

During this test the bar stretched in the vicinity of the fracture and 
slightly at the opposite end, about ".07 in ".10. 

Tested again March 1, 1882. 

Ultimate strength, 191,000 pounds = 62,420 pounds per square inch 
on original section. 

Fracture : Fibrous, 60 per cent. ; granular, 40 per cent. 
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204 TESTS OF IRON AXD STEEL AND OTHER MATERIALS. 

Supplementary test of bar L :^03. 

Bested nine months since original test. 

Present sectional area, 2''.84 x ".94 = 2",67 square inches. 

Gauged length, .50". 

No. 388. . 



Loads ap- 
pUed. 



PoundBper 
i square inch. 



EloDKation. ' ^•"l^*'" 



Remarks. 



Pounds. 

2,670 

13,850 

2«,700 

53,400 

80,100 

ioe.800 

133,500 

"*i4o,'ooo" 

160,000 
152,000 
154,000 
160,000 
158,000 
160.000 
161,000 
162,000 
168,000 
104,000 
105^000 
166,000 
167,000 
168,000 
169,000 
170,000 
171,000 
172,000 
178,000 
174.000 
175,000 
176,000 
177.000 
178.000 
179,000 
180,000 
181.000 
182,000 
188,000 
184.000 
186,000 
186.000 
187.000 
198,000 



1,000 

5, goo 

10,000 
20,000 
30,000 
40,000 
60,000 
1,000 



64,040 



72,620 



Inch. 

0. 

.0075 
.0170 
.0356 
.0540 
.0726 
.0910 



.1082 
.1060 
.1068 
.1086 
.1102 
.1120 
.1128 
.1138 
.1148 
.1169 
.1170 
.1180 
.1190 
.1200 
.1210 
.12ii0 
.1232 
.1248 
.1262 
.1278 
.1288 
.1800 
.1820 
.1338 
.1862 
.1875 
.1396 
.1420 
.1446 
.1478 
.1612 
.1582 
.1660 



Inch. 



.0006 



I Elastic limit. 56,880 pounds per 
square incn on original sec- 
I tion. 



2.10 



.i Ultimate strength, 68,860 
pounds per aqaare inch on 
original section. 

.; =4.2peroent. 



Elongation of original 10'' sections: 2".12, 2'',30 ^^Jk^ 
1^98, 2":06. ^' 

Area at fracture, 2".75x".89 = 2.45 square inches. 
Oontraction of area from original section, 19.9 per cent. 
Fracture : Granular, 70 per cent. ; fibrous, 30 per cent. 



2".ll, 2".0«, 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 205 
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206 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 
Tensile test of wrought iron for 3"x3" compression tests, 
No. 321, 



FORM OF SPRCIMEN. 



-iFSsr 



Gauged length, 20". 
Sectional area, 6 sqaare inches. 



Loads ap- 
pUed. 



Pounds. 
6,000 
30,000 
60,000 

"96,066" 

108,000 

120,000 

"125,' 666"' 

130,000 
13'i, 000 
134,000 
136,000 
138,000 
140, 000 
142,000 
144,000 
146 000 
148,000 
160,000 

'£52,666'" 
154, 000 
156,000 
308,400 




I Poandsper 
I square inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
18,000 
20,000 

1,000 



24,830 



25,000 
1,000 



51,600 




Elon^tion. 



Inch, 



.0070 



.0108 
.0180 
.0150 



PennaneDt , 

set I 

I 
Inch. 



.0160 


.0009 


.0170 




.0176 




.0181 




.0185 




.0188 




.0192 




.0199 




.0205 




.0210 




.0210 




.0228 






.0050 


.6266 




.02^ 




.0420 






Remarks. 



4.31 



Elastic limit. 



Still elongates under this load. 
Ultimate strength . 
= 31.6 percent 



Elongation of 1" sections: ",22, ^'.21, ".20, ".23, ".26, ".36, ".46 ^, 
^'.28,".22, ".19,".18, ".18, ".18, ".17, ".18, ".17, ".17, ".17, ".17, 17", ^ 
".17.- 

Area at fracture, 2".47 x 1".67=4.12 square inches. 

Contraction of area, 31.3 per cent. 

Appearance of fracture : Fibrous, 60 per cent. ; granular, 40 per cent. 

Light-colored fracture. 

No. 322. 
Tensile test of wrought iron for 3"x3" compression tests. 



5 



w.- 



^ 



Z] 



Sectional area, 8.97 square inches. 
Gauged length, 20". 
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TESTS OF IRON AND STEEL A.^D OTHER MATERIALS. 207 



LoA()8 ap- 
plied. 



Poands per I 
sqaare moh. { 



Elongation. 



Inch. 

0. 

.0030 
.0071 



Permanent 

set. 



Inch, 



Remarks. 



.0002 



.0121 
.0155 
.0178 



.0182 
.0188 
.0188 
.0190 
.0191 
.0192 
.0195 
.0198 
.0200 
.0205 
.0308 
.0212 
.0219 
.0222 
.0226 
.0228 
.0281 
.0235 
.0240 
.0248 
. 0251 
.0259 
. 0268 ' 



.0032 



Seated 10 minutes. 



Pmtndi. 

8.970 1.000 

44, 8iJ0 5, 000 

89,700 10,000 

1,000 

134, .550 15, 000 

161.460 18,000 

179, 400 20, 000 
1,000 

180,000 

182,000 

184,000 I 

186,000 

188,000 I 

190,000 

192,000 

194, 000 

196,000 

198.000 

200,000 

202,000 

204,000 1 

206,000 I 

208,000 

210,000 I 

212.000 

214,000 ; 

216,000 

218,000 

220,000 

222,000 I 

224, 250 I 25, 000 
1,000 

226,000 

228,000 1 

280, 000 I 26, 640 

232,000 I 

2.34,000 1 

236,000 

452, 500 I 50, 446 





Elongation of 1'' sections: ".20, ".20, ".21, ".22, ".22, ".22, ".22, ".22, 
'^21, ".22, ".22, ".22, ".22, ".23, ".23, ".24, ".24, ".23, ".23, ".24. 
Area at fracture, 2".66x2".60= 6.4 square inches. 
Contraction of area, 28.6 per cent. 
Broke 4" from face of holder jaws. 
Appearance : Fibrous, 40 per cent. ; granular, 60 per cent 

Ko. 323. 
Tensile test of wrought iron for 3"x3" compression tests. 



.0986 



.0280 
.0290 




Eliistic limit 


1 .0300 




.0325 






! .0490 






t .0860 










Ultimate strength. 
= 21.5 per cent. 


1 4.30 









t^; 



Sectional area, 9 square inches. 
Oauged length, 60". 



Loads ap- 
plied. 



Potinda. 
9,000 
45.000 
90,000 

' 135,600' 
162, 100 
IHO, 000 



Pounds per 
sqaare inch. ' 



1,000 
5,000 
10,000 
1,000 
15,000 
18,000 
2U. 000 



Elongation. 



Inch. 
0. 



Permanent 
set. 



Bemarks. 



Inch. 



.0078 




. 0172 


.0002 


. 0270 




. 0335 




.0400 
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208 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



1 



Loads ap- 
plied. 



Pounds por 
square iucli> ^ 



Elonp^tiou. 



PcrmaDeot 
set. 



Kemarlcs. 



Voundt. 

"'i85,'0(KV 
lOO.OOO 
192,000 
194.000 
196,000 
198, 000 
200,000 
202,000 
204,000 
206,000 



1,000 



Inch. 



1,000 



.0459 
.0505 
.0540 
.0555 
.0670 
.0598 
.0650 
.0712 
.0870 
.123 



Inch. 
.0062 



Rested one hour. 



446,000 ; i Ultimate Btnmgth. 

11.36 = 22.7 per cent. 



Elongation of 6" sections: I'Ml, l'^20, 1".30, ^'.20, rM9, 1''.21^ 
TMl, 1".04, 1".02, 1".02. 
Area at fracture, 2".45 x 2''.45 = 6 square inches. 
Contraction of area, 33.3 per cent. 
Broke at face of holder jaws. 
Appearance: Fibrous, 45 per cent.; granular, 55 per cent. 

No. 390. 

Tensile tent of 3" x3" tcrottght iron, bar branded, 

Stirling Best — Best Refined. 

Total length of bar, about 78". 

Ganged length, 24''. 

Sectional area, 3''.02x3''.02 = 9.12 square inches. 



Loads ap. i Pounds per wi^„«,*j«« Permanent 
nUed. ' sanRre Inch. Elongation. I ._ 



pUed. 



' square inch, 



Remarks. 



Pound*. 

9,120 

45,600 

91,200 

"'i. 36,866' 
182,400 

"i88,'6o6' 
193,000 
198,000 
203,060 
208,000 
213.000 
218,000 
223,000 
228,000 



280,000 
232,000 
234,000 
236,000 
288,000 
240,000 
242,000 
244,000 
246, 000 
248,000 
250,000 
262,000 
254,000 
260,000 
270.000 
449.000 




1.000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



25,000 
1,000 



26,970 



49, 230 




Inch. 



.0030 
.0075 



Inch. 



.0120 
.0161 



.0170 
.0178 
.0182 
.0190 
.0195 
.0200 
.0210 
.0215 
.0225 



.0231 

.0238 

.0241 

.0245 

.0251 

.0260 

.0262 

.0266 

.0270 

.0278 

.0286 

.0440 

.1100 

.136 

.192 



3.15 



.0005 



.0020 



Elastic limit 



.1 Ultimate strength. 
.1 =18.1 per oent 
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TK8TS OF IRON AND STEEL AND OTHER MATERIALS. 209 

Elongation of inch sections after fracture of bar: 'M5, ".14, 'M4, 
".14, ".13, ".13, ".13, ".13, ".13, ".13, ".14, ".15, ".13, ".13, ".13, ".13, 
".12, ".13, ".13, ".13, ".13, ".13, ".14, ".13. 

Fractured aoout 1 inch inside the section covered by holder jaws. 

Area at fracture, 2".83x2".78=:7.87 square inch. 

Contraction of area, 13.7 per cent. 

Appearance of fracture: Granular, 95 per cent.; fibrous, 5 per cent. 

No. 395. 
Tensile test o/3"x3" tcrought-iron bar, 

FORM OF SPECIMEN. 



'^^^^ 






fi 



Sectional area, 3".05xl".99=:6.07 square inches. 
Gauged length, 24". 



Loads applied. 

Pounds. 
6,070 


Pounds per 
square inch. 

1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 


Elongation. 

Inch. 

0. 

.0031 
.0078 


Permanent 
set. 

Inch. 


Remarks. 

Elastic limit. 

Ultimate strength. 
= 20.2 per cent. 




30,350 
00,700 




1 
1 




.0002 


1 


01,050 


.0128 
.0186 


1 


121,400 








.0020 


1 


124,000 
127.000 
130,000 


.0192 
.0200 
.0210 
.0220 
.0230 
.0240 
.0258 
.0282 
.0310 
.0400 
















133,000 








136,000 







189, 000 


22,900 




142,000 
145, 000 








148,000 







151, 750 


25.000 
1,000 







.0200 


154,000 


.0490 
.0500 
.0720 
.098 


157,000 







160,000 




163,000 






296,000 


48.764 








4.85 









Elongation of 1" sections after fracture : ".16, ".20, ".22, ".21 , ".29 ^, 

''.21, ".23, ".21, ".20, ".20, ".20, ".20, ".22, ".22, ".26, ".23, ".23, ".22, ''.20, 
''.21, ".20, ".18, ".18, ".15. 

Area of fracture, 2".78xl".83 = 5.09 square inches. 

Contraction of area, 16.1 per cent. 

Broke 6" from neck, with granular fracture varying in degree of 
coarseness, fibrous about 5 per cent. 

Seams in iron. 

No. 396. 

Off same bar as No. 395. 

Tested full size as it came from the rolls. 

Total lenfrth, 126".75. 

Oanp:e<l length, 80". 

i!>ectional area, 3".03x3".02=: 9.15 square inches. 
S. Ex. 1 14 
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Loads «p- I Pounds per 
plied. ; square inch. 



Pound*. 

9,150 

45,750 

91,500 

"137,256** 
183.000 

'188,066*" 
193,000 
198,000 
203,000 
208,000 
213,000 
218,000 
223,000 
228,750 

*238,'66o " 

238,000 

408,500 





1.000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



Elon^atioo. P«"««»««»* 



22,730 



25,000 
],00G 



44.645 




Ituh. 
0. 

.0120 
.0275 



.0020 



.0650 
.0685 
.0710 
.0740 
.0780 
.0830 
.0908 
.1005 
.1580 



.2000 
.347 



Inch. 



.0005 



.0050 



.0858 



Remarkn. 



7.62 



KUbHv limit. 



Ultimate strength. 
— 9. 5 per cent. 



Elongatioa in 5" sections after fracture of bar: ".50, ".50, ".47 
".55, ".48, ".61, ".49, ".46, ".46, 47, ".46, ".48, "r47, ".46, ".48, ".4. 'W 

No. 396. 

Area ac fracture, 2".87x2".87=8.24 square inches. 

Contraction of area, 10 per cent. 

Broke 42".50 from end. Appearance granular. Similar to firacture 
of end No. 395. 

Eight cracks along one surface developed by test. Maximum crack, 
3" long X i" deep. 

Small ]iiece, about 1 ounce weight, flew out at point of fracture when 
specimen broke. 

Wrought Ieon— Round Bars. 

TesU to determine the modulus of elasticity in the same bars for strains of 
tension and compression. 

Bars of Phoenix and Pencoyd iron, cut in two at middle; one end 
strained by tension, and one end by compression. 

These bars were taken from the same lot of iron that was used for 
the transverse strength of pins. (See report of tests, 1881. 

No. 333. 

Phoenix Iron— Rough Bar. 

2i" diameter, turned down to about 2" diameter. 
Actual diameter, 2."003. 
Sectional area, 3.142 square inches. 
(Gauged length, 30". 

TENSILB LOADS. 

I Loads ap- I Poands per . t].i«„„-*i«„ Permanent d„«.«,v. 

pUed. eqnare inch. | Elongation. | ^^ Reniarka. 



Pounds. 

3,142 

15. 710 

25, 136 

31, 420 

'37,764* 
47, 130 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15,010 

1,000 



Inch. 
0. 

.0040 
.0070 
.0080 



Inch. 



.0114 
.0140 



E = 30,000.000. 



Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 211 
COMPRESSION LOADS. 



Poands per fi„„„,^„.s„„ Permanent 



Remarks. 



1,000 
5,000 
8,000 
10,000 
1,000 
12,000 
15,000 
1,000 



Inch. 
0. 

.0050 
.0070 
.0096 



Inch. 



.0116 
.0150 



.0005 

Vooio* 



In reversing the load from 1,000 poands per square inch tension to 
1,000 pounds per square inch compression, the gauge showed a move- 
ment of ''.0020. 

Note. — Dednctinj; tli© permanent aet ".001 from the compression at 15.000 pounds 
per sqnare inch, and we find a modulus of elacticity the same as for tension. 



TENSION LOADS. 



Ixwds ap- 
plied. 



Ponndi) i>er ' 
sqnare inch. | 



8,143 
16,710 
25,136 
81,420 I 

'*37,'704'""', 
47,130 ! 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15^000 

1,000 



Elongation. 



Inch. 
0. 

.0040 
.0075 
.0095 



Permanent 
aet. 



Kemarkfl* 



iMh 



.0115 
.0148 



.0005 

"."oooi' 

I _ I 

COMPRESSION LOADS. 



Pounds per I n«««««»-.<«« ' Pennanent 
sqnare In^. I Compression. ^^ 



Remarks. 



I- 



1.000 
5,000 
8,000 
10,000 
1,000 
12,000 
15.000 
1.000 



Inch. Inch. 
0. , 

.0044 ! 

.0076 

.0096 

.0004 

.0116 ! 

.0149 I 

1 .0004 



The gaugings in last test were taken with the ^^Mction dial" measnr* 
ing iostrument. To verify these measurements the screw micrometer is 
now placed on the specimen. 



TENSION LOADS. 



Poands per 
sqnare inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15,000 

1,000 



Elongation. 



Permanent 
set. 



Inch, Inch. 
0. ! 

.0045 I , 

.0078 ■ 

.0099 

.0009 

.0122 ! 

.0154 I 

1 .0010 



Remarks. 



Test resumed after Hv had rested 
under seroload sixliy'two hours. 
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COMPRESSION LOADS. 



Pounds per | r'««»«*.«.«;/»« Permanent 
square inch. ' Compression. ^^ 



Remarks. 



1,000 


Inch. 
0. 

.0040 
.0070 
.0092 

'oiii'" 

.0142 


Inch. 


5,000 




8,000 




10,000 

1,000 

12,000 

15,000 




.0001 




1,000 


..; .0001 


( 




No. 334. 
Phoenix Iron 



Off same bar as :No, 333. 
2^" rough bar turned down to 2".003. 
Sectional area, 3.142 square inches. 
Oauged length, 30". 

COMPRESSION LOADS. 



I Ponnds per 
' square inch. 



1,000 
5,000 
8,000 
10.000 
1.000 
12,000 
15,000 
1,000 



Compression. 



0. 

.0040 
.0068 
.0088 



.0108 
.0130 



Permanent 
set. I 

Inch. 



Remarks. 



— .0002 



— .0002 



E = 20,800,000. 



TENSION LOADS. 



Pounds per 
square inch. 


Elongation. 

' Inch. 
0. 

.0044 
.0076 
.0095 


Permanent 
Itteh. 


1,000 
5,000 
8,000 
10.000 
1,000 
12,000 
15,000 
1,000 






.ooot" 


.0117 
.0147 




.om 





Remarks. 



E = 20,580,000. 



COMPRESSION LOADS. 



Pounds per Compression. P«™a°«°t 
square inch. ^""'F'«~ " set. 



Remarks. 



1,000 

6.000 

8,000 

10,000 

1,000 

12.000 

15,000 

1,000 



Inch. 
0. 

.0042 
.0072 
.0095 



Inch, 



.0115 
.0148 



.0003 
'.'0005 
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TENSION LOADS. 



213 



.^r^'irbVE'-ij't'o- 



Permanent 
set. 



Kemarks. 



I 

1,000 ' 

5,000 

8,000 ' 
10,000 I 

1, 000 
12,000 
16, 000 I 

1,000 i 



Inch. 
0. 


Inch. 


.0040 




.0074 




.0095 


.0006 


.0115 
.•0147 




y 


.0005 



No. 336. 

Pencoyd Iron. 

2J" rough bar turned down to V'Mb diameter. 
Sectional area, 3.126 square inches. 
Gauged length, 30''. 

TENSION LOADS. 



I Loads ap- 
I pliecl. 



Pounds per 
square inch. 



Elongation. 



Permanent 
set. 



Remarks. 



Poutxda. 
3,120 
15,030 
25,008 
31,260 

"'37,'5i2 * 
46,890 



56,268 
62,520 



68,770 
71,898 
75,024 
76,587 
78,150 



79, 713 
81,276 
82,839 
84,402 
85.965 
87,528 



1,000 

5,000 

8,000 

10,000 

1.000 

12,000 

15,1100 

1.000 

15,000 

1,000 

15,000 

1,000 

10,000 

1,000 

18,000 

20,000 

1,000 

5,000 

8,000 

10,000 

l,00ii 

1,000 

1,000 

10,000 

15,000 

20,000 

1,000 

22,000 

23,000 

24,000 

24,500 

25.000 

1.000 

25,000 

25,500 

26,000 

26,500 

27,000 

27,500 

281000 

1,000 



Inch. 
0. 



Inch. 



.0144 

.oiii*" 

.0095' 



.0185 



.0037 
.0070 
.0002 



.0093 
.0148 
.0203 

.0210' 
.0220 
.0231 
.0235 



.0044 




.0074 





.0094 






.0004 


.oiis 




.0144 


— .0001 



— .0002 

'0.' 

"0.' 

—.6612 



0. 

0. + 
j —.0001 

1 

t 



After rosiing 5 niinut«^A. 
After renting 15 minntes. 



.0003 



.0240 
.0244 
.0249 
.025$ 
.0262 
.0271 



-. 0014 



J Sustained momentarily. 

Springing the micrometer will ! 
I vary the reading perma- , 
nently about ".0003. In uae | 
I this springing would not 
occur. The springing was , 
done experimentally. liOad 
sustained momentavily. 



— .0006 



Remarks. — It lia»beeu observed iu the test of some flat roUed bars that poriaaoent 
seta caused by loads of 10,000 pounds per square inch, or about that, were eliminated 
by liigher strains, and, also, there h:fcs in a few easas appeared a permanent sliortenln*!; 
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after the bar had beeu elongated. The apparent sliortening was attributed to straight- 
ening of the bare in previous tests where this behavior occurred. 

In the present instance, with a carefully tamed bar, such an explanation as the 
above is obvionsly inadmissible. It would now appear that the above bar had initial 
strains which were released or some molecular arrangement broken up at 15,000 
pounds per square inch, which enabled the bar to recover its original length upon 
the removal of that load, and even contract slightly, giving a minus sign to the per* 
manent set. 

This behavior is more marked after the bar >)'a8 strained 20,000 ponudd per square 
inch. 

The measuring instrument, a micrometer sci-ew, w^as car«^ fully iuspect4>d to see that 
an instrumental error was not the cause of the minus permanent sets, but the instru- 
ment was found in good condition. 

In corroboration of the micrometer measuring instrument, the scale beam of the 
testing-machine gave indication that a shortening of the specimen took place im- 
mediately after the strains were reduced to the initial load of 1,000 pounds per square 
inch. 

After six months' rest, bar tested to the altimate breaking strength 
s= 163,800 poonds = 52,400 pounds per square inch. 

Diameter of fracture, l'^54 = 1.86 square inches; contraction of area, 
40,6 per cent.; appearance fibrous, with slight granulation. 



No. 336. 
Pencoyd Iron. 



Off same bar as No. 335. 

Diameter, 2''.000. 

Sectional area, 3.142 square inches. 

Gauged length, 30"'. 

Friction died used for measurement. 



TENSION LOADS. 



Loads ap- 
pUed. 



Pounda per i 
square inch. • 



Elongation. 



Permanent 
set 



Remarks. 



Poundt. 

8,142 

15,710 

23,186 

31,420 

"37*764 ' 
47, im 

"56.556 " 
62,840 



I 72. 266 
j" "78," 556' 



I. 



Inch. \ 

1,000 > 0. 

5,000 .0042 

8,000 .0075 I. 

10.000 .OOM i. 

1,000 1 

12,000 .0120 |. 

15,000 .0150 i. 

1.000 1 

18,000 .0179 1. 

20,000 .0104 

1.000 1 

23, 000 . 0223 

1.000 

25, 000 . 0243 

1,000 



Inch, 



.0001 

0.' 



-.0008 

'-.'ooio' 
-'boii' 



In the test of No. 336 another measuring instrument was used — the 
friction dial instrument. 

This bar, which was cut oft' the end of No. 335, showed a similar 
behavior tor it, and as the dial-measuring instrument and the scale beam 
again in this case pointed to the same result, it is believed that a 
permanent shortening of the specimens did actually take place after 
loads between 15,000 pounds per square inch and 25,000 pounds per 
square inch had been applied and released. 
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No. 354. 

Cast Iron. 

Temile teat of cant (gun) iron from South Boston Iron Company, 

Mark on specimeQ : " No. 5, Block B." 

FOllM OF TK8T PIKCK. 




Sectional area, 1.5 square inclies. 
Gaaged length, 15". 



LomU ap- 
plied. 



Poundg. 

l.MO 

8,0M 

4.600 

6,000 

7,500 

9,000 

10,900 

12,000 

18,500 

15,000 

16,500 

18,000 

10,500 

21,000 

22,500 

24.000 

2^500 

27,000 

28,600 

30,000 

31,500 

88,000 

34,500 

36,000 

37,600 



Broke If" from middle of bar. 



PouDds per 
square inch. 


Elongation. 


Permanent 
set. 


Kemarka. 




Inch. 


rneh. 




1,000 


—.0003 


0. 




2,000 


.0005 


0. 




3,000 


.0014 


0. 




4,000 


.0020 


0. 




5,000 


.0030 


0. 




8,000 


.0040 


0. 




7,000 


.0050 


.0003 




8,000 


.0060 


.0006 




0,000 


.0070 


.0006 




10,000 


.0063 


.0005 




11,000 


.0094 


.0006 




12,000 


.0106 


.0007 




13,000 


.0120 


.0013 




14,000 


.0133 


.0015 




16,000 


.0147 


.0019 




16^000 


.0164 


.0025 




17,000 


.0180 


.0030 




18.000 


.0204 


.0036 




19,000 


.0224 


.0045 




20,000 


.02541 


.0069 




21,000 


.0285 


.0080 




22,000 


.0325 


.0105 




23,000 


.0880 


.0145 




24,000 


.0446 


.0105 




25,000 






Ultimate strength. 



No. 355. 

Compression test of cast (gun) iron from South Boston Iron Company. 
Mark on specimen: "No. 5, Block. A." 




Sectional area, 1.46 square inches. 
Oauged length, 10". 
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Loada ap- 
plied. 



Pounds. 
1,460 
2,920 
4,380 
6,840 
7,800 
8,760 
10,220 
11.680 
13, 140 
14.600 
16,060 
17,620 
18,080 
20,440 
21,900 
28,360 
24,820 
26^280 
27,740 
29,200 
30,660 
82,120 
33,680 
35,040 
36,600 
37,960 
39,420 
40.880 
42,840 
48,800 
46,260 
46^720 
48,180 
49,640 
51,100 
62,660 
64,020 
66^480 
66.940 
68.400 
108,800 



I^Z'r^'m'Sr. Co«.pre.»ion. 



Aqnare inch. 



1.000 
2.000 
3,000 
4,000 
6.000 
6,000 
7.000 
8,000 
9.000 
10,000 
11,000 
12,000 
13,000 
14.000 
16.000 
16,000 
17.000 
18,000 
19,000 
20,000 
21.000 
22,000 
23,000 
24. 000 
25,000 
26,000 
27.000 
28,000 
29.000 
30,000 
81,000 
32,000 
33,000 
34,000 
35.000 
36,000 
37,000 
38,000 
39.000 
40,000 
74,620 



Inch. 
.0005 
.0016 
.0018 
.0025 
.0030 
.0040 
.0045 
.0050 
.0060 
.0074 
.0075 
.0080 
.0082 
.0090 
.0100 
.0105 
.0105 
.0116 
.0125 
.0130 
.0140 
.0150 
.0158 
.0165 
.0174 
.0185 
.0200 
.0205 
.0225 
.0234 
.0251 
.0270 
.0290 
.0310 
.0332 
.0359 
.0400 
.0427 
.0476 
.0616 



Permanent 
set. 



Inch. 

0. 

0. 

V. 

.0002 
.0005 
.0005 
.0005 
.0006 
.0006 
.0007 
.0008 
.0010 
.0010 
.0010 
.0010 
.0012 
.0012 
.0010 
.0010 
.0015 
.0014 
.0020 
.0019 
.0030 



.0032 
.0048 
.0048 
.0054 
.0068 
.0076 
.0092 
.0110 
.0 30 
.0150 
.0180 
. ?05 
.0 42 
.0 80 



Remarka. 



Ultimate strength. 



SHAPE AFTKR FRACTURE. 




No. 382. 

Tensile test of gun-metal {bronze) used in cavalry forge cart — details^ 



1 



=%= 






-29W 



Sectional area, .616 square inch. 
Gauged length, 10". 
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I Loads ap- | Poands per 
I plied. ' square inch. 



PimndM. 

5,000 

6,000 

7,000 

8,000 

9,000 

9,800 

10,000 

6,000 

10,500 

11^000 

11,600 

12.000 

12,600 

6,000 

18,000 

14,000 

15,000 

18.900 





Elongation. ] Pe^mMient 





Ineh. 
0. 

.0013 
.0028 
.0042 
.0061 


Inch, 


!::;:::::::::: 

















16,910 




" .0082 






.0019 

























.0100 




.0239 
.0340 
.0406 











30,680 








.15 









Kemarkft. 



Eloneationt meaaared from 
load of 5,000 pounds. 



Elastic limit. 



Ultimate strength. 
= 1.5 per cent. 



Broke, abont \" from curve of neck. 

Fracture, dull color. 

Fractured, with slight contraction. 

No. 383. 
Tensile test of gun-metal cut from nave^ cavalry forge cart. 



;^ 




2. 



Sectional area, .049''. 

Ultimate strength, 1,605 pounds= 32,760 pounds per square inch. 

Broke about -^'^ from middle of specimen. 

Elongation about ''.29 in 2" =14^ per cent. 

Fracture bright, varying in color. 



Test of a 9" tcroughtiron I beam by straim of tension and compression^ 




Tensile specimens Aj By C, and V cut out of beam, as shown by the^ 
sketch. 

Si>ecimen A has planed edges and rough sides. Specimens By (7, 
and D are planed on all faces. Specimen E compression test of the- 
foll section of beam. 
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No. 337. 

Tensile test of Specimen A, 

Size of bar, 3''x".65 = 1.95 square inches. 
Oauged lengtb, 30^'. 



Loads ap- 
plied. 



' Poands per 
sqaare inch, i 



EloopcatioD. 



Permanent 
set. 



Kemarks. 



Foundi, 
1,950 
9,750 
15,600 
19,500 

"ji'ioo" 

29,250 

"35.*i66*" 
39,000 

* "40,960' 
42,900 
44,850 
4«,800 
48,750 

'"60,'700* 
52,860 
54,800 
58,650 
68,500 

"'80,460* 
82,400 



84,850 
88,800 
88,250 
70,200 
103,800 




1,000 

5,000 

8,000 
10,000 

1,000 
12,000 
15,000 

1,000 
18,000 
20,000 

1,000 
21,000 
22,000 
23,000 
24,000 
25,000 

1,000 
28,000 
27,000 
28,000 
29,000 
30,000 

1,000 
81,000 
32,000 
32,000 
32,000 
38,000 
34,000 
35,000 
30,000 
52,970 




Inch. 



Inch. 



.0044 
.0077 
.0009 



.0120 
.0153 



.0189 
.0211 



0. 

'o." 



.0227 
.0287 
.0249 
. 0280 
.0277 



.0019 



£1^28.847,000. 



.0308 



.0381 



.0389 
.0417 
.0427 
.0429 
.0449 
.0487 
.0569 
.085 



.0049 



2 24 



After 3 minutes rest. 
After 6 minutes rest. 



Yielding still continuing. 
UltimiMie strength. 
=s7.6peroent. 



Fractured V ontside of ganged length. 

Appearance of fractures: Granular, 92 per cent.: fibrous, 8 per cent. 

Area at fracture, 2^^92 x ^^60 = 1.752 square inches. 

Contraction of area, 10 per cent. 

Ko. 341. 

Tensile test of Specimen B. 

Size of bar, 3" x ".503 = 1.509 square inches. 
Oauged length, 30". 



ap. 



plied. 



Found: 

1,609 

9,545 

12,072 

15,090 

"i«,*io8 ' 

24,835 



Poands per > 
I square inob. I 



1,000 
5,000 
8,000 
10,000 
1,000 
12,000 
15,000 



Elongation. 



Permanent 
set. 



Remarks. 



Inch. Inch. 

0. 

.0080 

.0080 I 

.0101 I 

0. 

.0122 

.0170 1 
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piled. 



Poundf) pi>r 
iW|UAre Inch. 



Elonjxation. 



Permftnent 
net. 



KcniHi'kK. 



' 'ii.'iei" 

30,180 

"'33,*i»8 ' 
36.216 
37,725 

"si." 234" 
40,743 
42,252 
43, 761 
45,270 

48,288 
4»,797 
51,306 



65,400 




1.000 
18,000 
20,000 

1,000 
22,000 
24,000 
25,000 

1.000 
26,000 
27,000 
28,000 
29,000 
86,000 

1.000 
31,000 
32,000 
33,000 
34,000 



48,340 




Jneh. 



.0100 
.0215 



.0242 
.0270 
.0285 



.0302 
.0321 
.0840 
.0368 
.0808 



.0440 
.0482 
.0542 
.065 



.78 



Jneh. 
.0001 



.0008 



.0022 



J E=^ 27,376,000. 



.0080 



Yleldins oontinnoB; ttretch 
not all taken ont which thU 
load would cause. 

Ulttmate strength. 

=2.6 percent. 



Area at fracture, 2".96 x ".49 = 1.45 square inches; contraction of 
area^ 3.9 per cent. 
Fracture: Granular, 95 per cent.; fibrous, 05 per cent. 
Appearance of bar not clean ; seamy. 

No. 342. 

TenHle test of Specimen (7. 

Size of bar, 4".003 x ".752= 3.01 square inches. 
Gauged length, 30". 



Loads ap- 
plied. 



Potmdt. 

8,010 

16,050 

24,080 

30,100 



86,120 
45,160 



54,180 
60,200 



66,220 
72,240 
75,250 



Pounds per I 
square inch. 



Permanent 



Elongation. '''™'^ 



I 



Remarks. 



146,400 




Inch, Inch, 

1,000 0. 

5,000 .0046 

8,000 .0078 

10,000 .0102 

1,000 0008 

12,000 .0128 

15,000 .0160 

1,000 0009 

18,000 .0199 

20,000 .0238 E=r 28,500,000. 

1,000 0038 

22,000 .0296 

24,000 .0399 

25,000 .0518 

1,000 0256 

48,640 Ultimate strength. 

5.25 = 17.5 per cent. 



Area at fracture, 3".67 x ".66 =2.42 square inches. 

Oontraction of area, 19.6 per cent. 

Fibrous fracture, good appearance. 

Began to break on one edge, extending across. 
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Tensile test of Specimen D. 

Size of bar, 4'' x ".750 = 3.024 square inches. 
Gauged length, 30". 



Loads ap- I Pounds per tm„„„«*i^.» I Permanent ! 



square inch. 



Kemarks. 



Pound*. 

3,024 

15,120 

24,193 

30,240 



36,288 
45.360 

"54,432' 

60,480 

"'6«,*i28' 
69,652 
72,576 
75,600 

"78,' 624* 

81.648 

147, 100 





1,000 

5,000 

8,000 

10,000 

1,000 

1,000 

12,000 

15,000 

1.000 

18,000 

20.000 

1,000 

22,000 

23,000 

24,000 

25,000 

1.000 

26,000 

27,000 

48.640 





Inch. 

.0 I. 
.0044 
.0077 
.0099 |. 



.0117 
.0151 



Inch. 



.0186 
.0211 



.0431 
.0500 



.0254 ! 
.0276 

.0306 ! 

.0357 I 



.0001 
.0001 



.0008 



.0106 



E=r 28,078,000. 



3.95 



. Yielding contluueH. 
J Do. 

J Ultimate strength. 
.1 = 13.2 per cent. 



Area at fracture, 3".74x ".68 = 2.543 square inches. 
Contraction of area, 15.9 per cent. , 
Fracture: Fibrous, 90 per cent; granular, 10 per cent. 
Fracture begau at edge of bar. 

This bar was not straight — slightly concave on the side that measure- 
ments of elongation were taken. 

No. 344. 

Test by compression of I beam. 

Specimen E. 



fi 5 

y 



Total length, 57".00. 
Weight, 228 pounds. 
Sectional area, 14.4 square inches. 
Gauged length, 50". 
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Loads ap- 
plied. 



Pounds per r-^^^^^^v—i^^ Perraanent 



square inch, 



Bemarks. 



Pound*. 

14.400 1, 

72, 000 5, 

115, 200 8, 

144. 0(K) 10, 

1 

10, 

1, 

172, 800 ; 12, 

216, 000 16, 

1. 

15. 

i I, 

250.200 18, 

288,000 20, 

li 

I 18, 

20, 

1 

316, 800 22, 

345. 600 24, 

360, OOO 25, 

1, 

374. 400 26. 

888,800 27, 

403, 200 28, 

417, 600 I 29, 

482,000 30, 

30, 

1, 

460, 800 82, 

'M5,'i6o'""i 37! 



000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
864 



Inch. 
0. 
.0058 
. 0108 
.0142 



Iwh. 



.0145 



.0175 
.0230 



.0014 



.0010 



.0014 



.0026 



£ = 31,250,000. 



.0310 



.0370 
.0415 
.0440 



.0026 



.0475 
.0500 
.0534 
.0585 
.0630 
.0660 



.0058 



.0835 



.0195 



.; After 5 minutes' re^t. 

J 

.1 After 4 minutes' rest. 
. Ultimate strength. 



Beam failed by horizontal deflection, or in the direction perpendicular 
to the web, beam taking triple flexure. 

When deflection reached about 1", the test was discontinued. The 
load the beam was snstainin|2f at the time was 538,000 j)ounds. 

10'' Wrought Iron I Beam. 

(Rolled by Union Iron Company, Buffalo, N. Y.) 

Tests by tension and compression. 

^o. 345. 

Specimen planed out of flange of beam. 
Dimensions, 48"x3"x".61. 
Sectional area, 1.53 square inches. 
Gauged length, 30". 
Metal has poor appearance; porous. 



Loads ap- 
plied. 



;^r2'jci:i'='«»8»"- 



Poundt. 

1, 530 1« 000 

7, 650 5, 000 

12, 240 8, 000 

15, 300 10, 000 

1,000 

18, 860 12, 000 
22, 950 I 15, 000 

27, 540 18, 000 

30. 600 20, 000 

1,000 

43, 700 2K, 560 

55, 400 3d, 210 





Permanent 
set. 



Remarks. 



Inch. I Inch. ! 
0. ' 

.0043 I 

.0076 I. 

.0100 1 ; 

0001 

.0121 I 

.0156 1 

.0192 I 

.0221 I 

t .0011 I 

{ I Elastic limit. 

I ' Ultimate strength. 

.65 ' = 2.2 per cent. 
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Area at fracture, 2".90x ".47=1.36 square yiches. 
Contraction of area, 11.1 per cent. 
Appearance of fracture, dull, spong}'. 

No. 346. 

Specimen planed out of web of beam. 
Dimensions, 48'' x 3" x ".395. 
Sectional area, 1.185 square inches. 
Gauged length, 30". 



Loads ap- 
plied. 



Pounds per ' 
I square inch. 



Elongation. 



Permanent 
set. 



Kemarks. 



PoundM. I 
1,186 ' 
5,025 
9,480 I 

11,850 
I 

14,2^0 

17,775 

21,830 

23,700 I 

"29,'io6"" 
52,000 I 

I 



Inch, Inch. ' 

1,000 0. I 

5,000 .0042 I 

8,000 .0072 

10.000 .0007 

1.000 0003 

12,000 .0122 , 

15,000 .0153 I 

18,000 .0101 ; 

20,000 .0213 I 

1,000 1 .0014 

25,230 , I Elasticlimit. 

44.640 1 intimate strength. 

2.17 I I =7.2percent. 



Area at fracture, 2".90x".34 = .99 square inch. 

Contraction of area, 16.5 per cent. 

Appearance at ^cture dull, spongy; small granular spot. 

No. 347. 

Compression test of wrought iron. 

I-Beam. 

Specimens No. 34.'> and No. 346 were cut off one end of this beam. 



< — ¥.^o » 



Tested with tiat ends, counterweighted at middle. 

Total length, 155".45. 

Total weight, 443 pounds. 

Gauged length, 150". 

Sectional area, 10.26 square inches. 
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LoAdsftp- Pounds per Compreii- Permanent! 
plied. square inch. sion. < sc' 



Deflections. 



Remarks. 



.Horizontal.! Vertioal. 



Pound§. 

10,260 

51,800 

102,800 

'*i23.'i26" 
153,900 

'184,686' 
205,200 

"'ioT.'ooo* 



Ijieh. /neft. Jneh. Inch. 

1,000 , 0. 0. 0. 

5,000 ' .0185 0. 0. 

10,000 .0440 , 0. .02 

1,000 0. 0. ' 0. 0. 

12,000 .0542 05 .02 

15,000 .0604 .10 .02 

1,000 0. 0. 0. 

18,000 .0846 ' .15 .05 

20,000 .0062 30 .10 

1,000 —.0003, .09 .06 

20,170 ; Ultimate strength. 



FaUed by horizontal deflection. 
Took sharp bend at middle. 

Compression tests of iDrought-iron I beams. 

Flat ends. Placed in testing machine with webs rertical. 

No. 348. 

9'' I Beam. 

(Rolled by Union Iron Company, Buffalo, N. Y.) 



5^ 



fns 



^/'je 



Total length, 191''.90. 
Total weight, 365 pounds. 
Sectional area, 6.85 square inches. 
Gauged length, 150". 



Loads ap- jPonnds per 
plied. :sqn*relnch. 



PoundM. 

6,850 

34,250 

54,800 

68,500 



82.200 
85,380 



1,000 
5,000 
8,000 
10,000 
1,000 
12,000 
12,460 



Deflections. 



Compres- ; Permanent' 
slon. set. 



Remarks. 



' Horixontal. Vertical. 



I 



Inch. Inch, Inch. 

0. ' 0. 

.0216 ! - .07 

.0380 ' - .11 

.0501 i - .20 

0. 0. 

.0605 - .48 

! - .78 



Inch, 

0. 

0. 

.05 
.06 

0. 
.04 

0. 



> Ultimate strength. 
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After passing the ultimate load, strains were continued, the horizontal 
deflection increasing rapidly, but not with a sudden spring. 

When the horizontal deflection had reached 3'^7, the load sustained 
'was 40,000 pounds. 



Ko. 349. 



Duplicate of beam No. 348. 



1^ 



.5 



FJ 



< j:'s9 
Total length, 191".90. 
Total weight, 381 pounds. 
Gauged length, 150". 
Sectional area, 7.15 square inches. 



Loads ap- 
plied. 



Pounds per' Compies- 
sqnareinch. sion. 



Poundt. 
7, 150 i 1, 000 
3^ 750 ! 5, 000 
57,200 8,000 

10,000 
1,000 



Beflectlona. 



Permanent . 
sot. 



71,600 
"85,*200' 



Inch. 
0. 


Inch. 


• Inch. 
0. 


.0208 




j — .07 


.0875 




', - .13 


.0495 




1 - .25 




h'."" 


0. 



Horizontal.' Vertical. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 



Remarks. 



i Ultimate strength. ' 



Failed by horizontal deflection. 

• No. 350. 
6" I Beam. 
(Boiled by Union Iron Company.) 

11 









Length, 119".86. 
Weight, 139 pounds. 



£^S > 
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Sectional area, 4.18 sqaare inches. 
Gauged length, 100". 




Remarks. 



Ultimate strength. 



Failed by horizontal deflection. 

No. 351. 

7" I Beam. 

(Kolled by Union Iron Company.) 



fi 



-4^ 



Total length, ISO^'.SS. 
Total weight, 303 pounds. 
Sectional area, 6.05 square inches? 
Gauged length, 150''. 



Loads ap- ! Pounds per, Comprea- Permanent 
plied. |squareinob. 



I 



Deflections. 



Powidt. 

6,050 

30.250 

48,400 

60,500 



76.200 
84,650 



I 1, 000 
5,000 
8,0<>0 
10,000 
1,000 
12,000 
13,990 



sion. 1 


set. 
Inch. 


HoTizont4 


Inch. 
0. 1 


Inch, 
0. 


. 0270 ' 


...... ...... 


— .08 


.0445 




— .15 


.0570 




— .23 


.0761 


.0006 


0. 

. 43 






— .95 


1 







Remarka. 



Vertical. 



Inch. 

0. 

— .OS 

— .04 

— .04 
0. 

— .04 

— .02 



' Ultimate strength. 



Failed by horizontal deflection. 
S. Ex. 1 15 
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No. 352. 

8" I Beam. 

(Rolled by Union Iron Company, Buffalo, N. Y.) 



jC^a 



Total length, 192".04. 
Total weight, 355 pounds. 
Sectional area, 6.65 square inches. 
Gauged length, 150''. 



LoAds »p- iPoundaper Compres- Permanent 
plied. tqaarelnch. sion. m" 



DelleotioBa. 



6.650 
38,250 
53, 200 

6,650 



iHoriMntaL VertioaL 



],000 
5,000 
8,000 
10,000 
1,000 



/ncA. 

0. 
.0190 
.0340 
.0430 



Iwsk. 



— . 0010 I 



0. 

-J- .07 

.11 

.16 

.04 



Released strain and ohanyred packing behind the ends. 



79,800 
83,400 



1,000 
5,000 
8.000 
10,000 
1,000 
12, 0<tO 
12,540 



0. 
.0210 
.0372 
.0485 



.0630 



0. 
0. 

— .05 

— .12 
0. 

— .35 
—1.06 



JnOi. 
0. 

— .02 

— .04 

— .04 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 



Remarki. 



New ganglBga be- 



I Ultimatoatreiigth. 



Failed bv horizontal deflection. 



Duplicate of No. 352. 



No. 353. 
8" Beam. 



^ 



^ 



Total length, 192".90. 
Total weight, 353 pounds. 
Sectional area, 6.59 square inches 
Gauged length, 150". 



iFsr 
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Loads Hp- I Pounds per I Compres- 
plied. jsqaareineh.l sion. 



Permanent 
set. 



Pounds. 
6,590 
82,950 
52,720 
65,900 



79, 080 
92.300 



1.000 
5.000 
8,000 
10 000 
1.000 
12,000 
14, 010 



Inch. 
0. 
.0212 


Inch. 


1 .0868 
1 .0470 




1 


— .0002 


, . 0670 









Deflections. 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 
+ .50 







ms. 
Vertical. 


1 

Remarks. 


Inch. 


1 


0. 


1 


— .06 


1 


- .10 




— .10 




— .04 


1 


— .10 


! 


— .10 


; Ultimate strength. 



Failed by horizontal deflection. 

After the ultimate load had been passed and the deflection had 
reached about 1''.25, the beam suddenly sprung laterally. 

No. 356. 
10" Wrought Iron I Beam. 

(Rolled by Union Iron Company, Buffalo, N. Y.) 



"Il 



(Ts 



Total length, 215".88. 
Gauged length, 200". 
Weight, Ml pounds. 
Sectional area, 9.3 square inches. 

Oounterweighted at middle. Ends did not ox)Tne to good bearing ; 
required about ".05 brass packing; maximum amount. 



Losds ftp- 
plied. 

Pounds. 
9,800 


Pounds per 
f«<{nsi-eiuGh.i 

, 1,000 
5,000 
, 8,000 
1 10, 000 . 
1,000 1 
1 12,000 1 
13.000 
14.000 
15,000 
1.000 
16. 020 ! 

".'"i.'ooo"*' 


Coxnpres- 
sion. 

Inch. 

0. 

.0271 
.0490 
.0665 


Permanent 
set. 

Inch. 


Defle< 

Horisontal. 

inch. 
0. 
0. 
0. 
0. 
0. 
-•.08 

- .06 

- .08 

- .17 
0. 

- .76 
-1.20 

- .^ 


itions. 
Vertical. 

Inch. 

0. 

0. 

-.02 
-.04 
-.02 
-.06 

-.06 
-.04 
-.05 


Eemarks. 


46,500 




74,400 




93,000 






9,300 


.0000 


mtimate strenjctli. 
Mnxirnnm deflee- 
tioii. 


111,600 
120,900 


.0644 
.0940 
.1029 
.1125 


180,200 




139, 500 




9.300 
149, 000 


.0150 


9. 3111' 






• 
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No. 357. 

10" I Beam. 
(ITuion Iron Coiiiimiiy, Buftklo, X. Y.) 



AT 



.5. .^ 



* ^ * ? 



i/:43 



Total length, 2r>4".08. 

Gauged length, 250". 

Sectional area, 10.10 square inches. 

Weight, 747 pounds. 

Counterweighted at middle. 



Loodf) ap* Pounds per j Curapren- ' Pennaoeut 
plied. square inch. sioo. i>et. 



D«>flection8. 



Hori}!ontul. Yei-tical. 



Pounds. I rneh. 

10,100 ' 1,000 ; 0. 

50.050 t 5,0U0 ! .0335 

81,520 8.000 I .0604 

101,000 10,000 .078> 

I 1,000 

113,100 : 11,100 

I 1.000 



ftuih. 



.0020 



Inch. 

0. 
-H .07 
.12 
.25 
.03 

1.00 



Inch. 
0. 

4- .02 



.02 
.03 
.02 



Remarks. 



Ultimate strength. 



No. 358. 

10" I Beam. 

(Union Iron Company, Buffalo, N. Y.) 

In ^ 



^0 
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Total length, 264'^08. 

Gauged length, 250". 

Sectional area, 10.46 square inches. 

Weight, 767 pounds. 

Counterweigh ted at middle. 

Ends covie to a good bearing. 



Loads ap- Pouodsper Compres- Permanent 
plied. square inch. sion. set. 



I Pounds. 

10, 4«0 

52,300 

83,680 

104,600 



107,800 



82,000 



1,000 
5.000 
8,000 

10,000 
1,000 

10,306 
1,000 

1,000 



Inch. 
0. 

.0356 
.0629 
.0820 



Jneh. 



Per deflection increased. 



Deflt'Ct 
Horizontal. 


ions. 
Vertical. 


Hemarks. 


Iiuh. 

0. 

.20 
.23 
.70 

0. 

1.14 
.05 


Jneh. 

0. 
0. 
0. 

u. 

0. 
0. 
0. 


Ultimatestrength. 


.36 
3.00 

i 


0. 


Snstains after 
above per de* 
dection. 



No. 359. 
16'' Wboxjght-Ibon I Beam. 
(Union Iron Company, Buffalo, N. Y.) 




1 



? ■? 



Aj 



.tdL 






Total length, 264". 
Gauged length, 250". 
Sectional area, 14.8 square inches. 
'Weight, 1,085 pounds. 
Counterweighted at middle. 
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Loftds ap- Pounds ]>er Compren- 
plied. sqatureiuchJ Hion. 



PowuU. 

14.800 

74.000 

118, 400 

148,000 



177,000 
184.700 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

12.400 



Inch. 

0. 
.0350 
.0012 
. 0852 



Permiuient 
set. 



Inch. 



.0060 



Deflectiona. 



HorisonUl Vertioai. 



Inch. 
0. 
0. 
0. 

— .07 
0. 

— .20 

— .70 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



K«inarlui. 



UltimatA strengtlLi 



No. 360. 
Wrought-Iron I BEAM. 



* Life 
^5 .f^ 






'MS 



Total length, 263".95. 

Gauged leugth, 260'^ 

Sectional area, 14.74 square inohes. 

Weight, 1,081 pounds. 

Gounterweighted at middle. 

Ends come to good bearing without packing. 



; I 

Loads ap- Pounds per I Compres- 
plied. square inch. I sion. 



Pimnd9. 
14,740 
78,700 

117,020 



147,400 



170,480 
187,000 



1,000 
5,000 
8,000 



10,000 

1,000 

13,000 

12.686 



Inch, 
0. 

.0866 
.0685 



1.0920 



Permanent 
set. 



Inch. 



.0180 



Deflections. 



Horizontal. 



Inch. 
0. 
0. 
0. 



Vertical. 



Inch. 
0. 
0. 
0. 



+ .02 


0. 


0. 


0. 


.08 


0. 


.70 


0. 



Remarks. 



Snapping soanda 
I heard wken load 
exceeded 8,000 
p on n ds per 
square inch. 



Ultimate strength. 
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Compression of pin ends of wrought iron posts. 
No. 391. 
Tested with one pin end, one flat end. 



2 J " 



• T -^ - 



-~i-\ 






JIOOPQ ^ O "^ O ^ O 



0(-\ ^^ngles '^ 

oopo ";^"o""^ o" 
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Ultimate strength, 393,000 pounds. 

Specimen tested with one pin end, one flat end. Pin in vertical posi- 
tion. 

Post failed by deflecting per])endicQlar to axis of pin, buckling the 
flanges of the channel bars. The eye-plates were bent concave, and 
also the webs of channel bars, from the inside of the post. 

Fractnre of the channel-bar web occurred along one row of rivet 
holes, where riveted to eye-plate. 

The pin ends were bent inward. 

Strains were very gradually increased ; yielding took place slowly. 

No. 392. 
Compressiofi of short pin and post. 

Duplicate of No. 391. 

Ultimate strength, 415,000 pounds. 

This post failed in a manner similar to No. 391, but without horizontal 
deflection. Each pin end bent inward. This failure occurred about the 
game time the channel-bar webs and eye-plates were bent concave from 
the inside of the post. 

The concave bending of the webs was accompanied by outward buck- 
ling of the channel-bar flanges as far as the eye-plate reached. 

Oripling was carried on till one channel-bar web cracked along the 
line of rivets which connects it to the eye-plate. 
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No. 393. 
Tested with one pin end. one flat end. 

< 23'i^3 ^ 
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I" rivets, except two end rivets, i" each. 

Same size channels as used in Nos. 391 and 392, punched holes. 

Ultimate strength, 302,600 pounds. 

Post failed by buckling the web and flanges of channel bars between 
flat end and side plates. 

Secondary bending took place at the pin end, after considerable buck- 
ling had been given the channel bars. 

No. 394. 
Duplicate of No. 393. 
Ultimate strength, 302,200 pounds. 
Failed the same as No. 393. 

Slight bend of pin ends took place about the same time the channel 
bars buckled. 

No. 301. 

Transverse test of icrought-iron bar. 

Hammered iron, very full of seams. 
Specimen dressed all orer. 
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End bearings 20'' apart. 

Loaded at middle. j 

Middle bearing semicircular, J" radius. 



Loadft ap- 
plied. 



Powidf. 
500 
1,000 
1.500 
2,000 
2. 500 
3,000 
4,000 
5,000 
6.000 
7,000 
8.000 
9.000 
10.000 
11.000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
28,000 
24,000 
26,000 
27,000 
30.000 
35,000 
40,000 
43,800 



Inch. 
.0036 
.0041 
.0051 
.0061 
.0070 
.0078 
.00»7 
.0116 
0131 
.0148 
.0154 
.0163 
.0201 
.0218 
.0236 
.0257 
.0279 
.0301 



0380 

0551 

0901 

1380 

177 

220 

27 

35 

41 

55 

85 

74 

05 

5 



Inch. 

.(mi" 



K^iuarks. 



Loads released to zero when meas- i 
aiing A sets. | 



.0002 
.6602" 



.0003 



.0009 
.6623" 



.0066 



.1002 

Viii ' 



Micrometer remoTed. 



I Ultimate strength. 



•Abont. 



Test discontinued when the bar had been bent about 85^. 
A 3^' section laid off on the tension side at the middle before the test 
began now measures 4'^27. 

Elongation of outside fibers, 42 per cent. 



No. 1590. 
Trartsverse tent of gun iron for South Boston Iron Company. 
Specimen dressed all over. 




j»^ 



20" between end supports. 

Loaded at middle. 

Middle bearing semicircular, 4" radius. 
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Loads ap- . 
p»eU. % -^ 


A Aft. 


RoDtarka. 


PotMds. 


Inch. 


Inch. 




500 


.0017 




LoacIh rtfloaiMxl to zoro toad wban 


1,000 


.0030 


.tM)62 


A jtetH were meaaured. 


1.600 


.0040 


. . . . 




2,000 


'.OO.'vJ 


.0002 




2,500 


.0»70 






3.000 


. 01-82 


.0003 




3,500 


.0088 







4,000 


. 0102 ' 


.0002 




4,600 


.0112 






5,000 


.0124 


* ".OOOl" 




5,600 


.01.37 






6,000 


.0152 


.*666i "" 




0,600 


.0160 






7,000 


.0172 


.6062" 




7,560 


. 0183 






8,000 


.0194 


.0665 "" 




8,500 


.0207 






9,000 


.0220 


■' ".6667'" 




9.500 
10,000 


. 01.'30 






.0242 


.0608 "* 




10.500 


. 0257 






11,000 


. 0267 


.'u6i2 "" 


* 


11,600 


.0200 




• 


12,000 


.0294 


.0014 " 




12,600 


. o:)04 






13,000 


.0317 


."ooi7 




13,500 


. 0332 






14.000 


.0344 


.0«2i ""■ 




14.600 


. 0357 






15,000 


. 0872 


.0027 "" 




15,500 


.Of 87 







18,000 


.0400 


.0032 




17, 000 


.0427 






18.000 


.0454 


.0042' " 




19,000 


.0487 


. 




20,000 


. 0520 


.0062 




21,000 


.0.'»54 







22,000 


.0.592 


.0084 




23.000 


. 0630 







24,000 


. 0672 1 


. 0120 




29.600 


j 




nitimaU* !«tren>5rh. 







Tensils tent of riveted joint in whiteoak tanned hose leather. 

Stction of 3" hose cut apart and Joint tested. 

No. ;VJ4. 






Gross sectional area of leather, 1.17 square inch. 
Ten rivets about 2" diameter. 
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Galvauized rivets and burrs. 

Ultimate atreiigtb, 3,100 pounds = 2,050 pounds per square inch oa 
gross section. 
Fractured first through middle sections of joint. 
Fracture occurring on side of joint having burrs. 
Heads of rivets cup-shaped; burrs flat. 



No. 32.1. 
Specimen made from same leather as No. 324. 



) 







Two rivets, with flat heads and flat burrs. 
Galvanized rivets and burrs. 
Ultimate strength, 640 pounds. 
Fractured leather next rivet heads. 
Fractures bei^an at rivet holes. 



No. 326. 








Two rivets, with cup shaped heads and burrs. 

Galvanized rivets. 

Ultimate strength, 670 pounds. 

Fractures began at rivet holes. 

Tore leather on burr side of specimen. 



No. 611. 



Old speciiiieii of leather hose. 



T 

99 



V 



-L 



Five rivets, about ".21 diameter, copper, galvanized. 

Leather about rivets coated with verdigris. 

Ultimate strength, 1,280 poumls = 256 pounds per rivet. ' 

Fractured on the burr side of joint, beginning at middle of specimen. 
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No. 612. 
New specimen of leather Lose. 



Q 

.v^ 



>5 



Twelve rivets, with flat heads and flat burrs. 
Rivets and burrs copper, galvanized. 
Ultimate strength, 4,050 pounds = 337 pounds per rivet. 
Fractures began at each side, on the burr side tearing across four 
rivet holes. 
Opposite side of joint tearing across nine rivet holes. 

No. 613. 



X 



± 



Twelve copper rivets, with cup-shaped heads and cup-shaped burrs j 
heads galvanized. 

Copper burrs not galvanized. 

Ultimate strength, 4,210 pounds = 351 pounds per rivet. 

Fractured across specimen through one row of rivet holes on the 
burr side of the joint. 
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No. fiU. 
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Twelve copper rivets, with cup- shaped beads and burrs. 
Rivets galvanized, burrs made of brass, not galvanized. 
Ultimate strength, 4,380 pounds = 365 pounds per rivet. 
Spe<'imen fractured on the side of the rivet heads, the fracture begin- 
ning at one edge and tearing across through one row of rivet holes. 
Specimens Nos. 012, 613, and 614 made from the same piece of leather. 

Compression of cast iron. 

DESCRIPTION OF CASTINGS. 

• indicates Providence gun iron, dry sand slack heating. 

• • indicates Providence gun iron, dry sand hot. 

• • • indicates gray iron, dry sand. 

• • • • indicates gray iron, wet sand. 

Bars cylindrical, in the condition they came from the molds, ends 
faced oft*. 

Testeil between flat steel faces. 

No. 363. 

Mark on bar, , 
Length, W'M^, 
Diauieter, TMo. 

Sectional area, 2.4 square inches. 
Ultimate strength, 149,L'()<) pounds = GiMTO iK)unds per square inch. 

No. 364. 

Mark on bar, . . 
Length, 14."07. 
Diameter, r'.77. 

Sectional area, 2.46 S(juare inches. 
Ultimate strength, 167,400 pounds = 68,050 pounds per square inch. 
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No. 3C5. 

Mark on bar, • • • 
Length, l.y'.98. 
Diameter, 1".75. 

Sectional area, 2.4 square inches. 
Ultimate strength, 158,000 pounds = 65,830 pounds per square inclL 

No. 36C. 
Mark on bar, • • . . 



Length, 14".97. 

Diameter, 1".76. 

Sectional area, 2.43 square inches. 

Ultimate strength, 198,000 pounds = 81,810 pounds i>er square inch. 

Indentation of copptr irith circular indenting tool. 
[Thr<-< I iitH iiiadi- in each copi»eT.] 



.r 



1 ; ^ 



Size of copper. 



j 

308 

I 
308 I 

370 

I 
1371 \ 



1372 

373 

374 

875 

370 

377 

B78 

979 

300 i 

3fa ' 



i il 



i ^ 



» Jneh. 

A i .94 

I 

R .94 
C IHJ 



Inch. Inch, ' 
1.6 



1.6 



1.6 



D I 1.04 1.0 



I 

£ 1. 10 

P ' 1.2.1 

Q 1.48 



1.44 
1.52 
1.52 
1.54 
1.09 



1.6 



1.6 



1.0 



1.6 



I 



1.90 
1.99 



1.6 



1. 6 .48 



1.6 .48 



M 1. 84 1. 6 I 



1.6 



1.6 




KeuiiirkH. 



Perceptible swelling of the aidi 
coppers. 



lea of : 
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The lengths are recorded in the order they were made. The cats 
were spaced so as to divide the width of each copper into four equal (or 
nearly so) parts. 

An outside cut was made first, then the middle cut, and finally an 
outside cut. 

REMARKS ON THE COMPRESSION TESTS OF TIMBER POSTS. 

Posts were tested in a horizontal position between flat cast-iron plat- 
forms. Those of rectangular cross-section were pla^^ed in the testing- 
machine with their longer sides vertical. 

The vertical dimension is recorded in the notes as depth of post; the 
horizontal dimension, width of post. 

To insure straightness the sticks were dressed immediately before 
testing. Such as were found badly warped before dressing were meas- 
ured, and the amount of deflection recorded on the sketches. The letter 
e in connection with figures shows how much the stick was concave on 
that side. The letter x shows that the side to which it refers was con- 
vex before dressing. It was intended to determine whether the dis- 
tortion of seasoning fixed the direction of deflection when tested as a 
post. 

The deflections while under test were indicated by a pointer secured 
to the middle of the post and having an arm about 24'' long, reaching 
out to a dial secured ^ one of the main screws of the testiug-machiue. 

It was observed that many sticks took an apparent deflection in the 
direction parallel to their longer side. This led to the employment of 
a pointer about 48'' long, which was secured at its middle to the post. 

Readings taken on each side showed that the posts frequently had a 
spiral movement when loaded. 

Compressions were measured within the gauged length. The ends 
of the measuring rods were secured in center punch-marks in the heads 
of screws driven in the wood. 

The direction of the rings of yearly growth are correctly represented 
on the sketches of the specimens. 

COMPRESSION TESTS OF WHITE-PINE POSTS. 
No. 511. 




MS." 

Wieight, 7 pounds. 

Sectional area, 30.25 square inches. 

Ultimate strength, 108,000 pounds = 3,570 pounds per square inch. 

Fibers crushed at middle of block. 

No. 491. 
J ^ J<r > ^ 

%— ^^ 

Weight, 26^ pounds. 

Sectional area, 30 square inches. 

Ganged length, 50". 



Digitized by VjOOQIC 



240 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
pUed. 



Pounds per ' Compres- 
square inch. ' sion. 



Pounds. 

3,000 
15,000 

3,000 
30,000 

3,000 
45.000 

3,000 
60,000 

3,000 
111,000 



100 
500 
100 
000 
100 
500 
100 
000 
100 
700 



Jneh. 
0. 
.0145 



Permanent 
set. 



Inch. 



Remark.^. 



.0005 



.0540 



.0 



.0738 



.0003 



Ultimate strength. 



Failed suddenly by the fibers crushing at a knot If" diameter 14" 
from end of post. 

No. 492. 

fibr^9 cru>sA«fU- 



4 



6 (/.'OS 



Weight, 31 pounds. 

Sectional area, 30 square inches. 

Gauged length, 50". 



Pound*. 




8,000 


100 


15,000 


500 


3,000 


100 


30,000 


1,000 


8,000 


100 


45.000 


1.500 


3,000 


100 


60,000 


2,000 


3,000 


100 


99,300 


3.310 



Compres- 
sion. 

Inch. 
0. 
.0195 


Permanent i 
set. 

Inch, \ 


6. 


.0450 




.0005 I 


.0708 
.0962' "■ 




.ooio ' 

.0015 ' 







Remarks. 



Post free from knots. 



Ultimate strength. 



Failed suddenly by the fibers crushing ir>" from end of stick. 



No. 493. 



■< 


2 6'.' > >^- /f^r.ilur-r. 


5 r^> 




^i:^^_> --^ 








< 


SO^JiO 



Weight, 43^ pounds. 

Sectional area, 30.4 square inches. 

Gauged length, 50". 
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Loads »p- Ponnds per 
pliad. aqoAre inoh. 


Comprw- j FermMient Eemarks 
•ion. ! set -BomwKs. 

1 j 


Powndt. \ Inch. 
8,040 . 100 0. 


Inch, 


1 

This stick oontains 12 knots i 
from f to 2i" diameter. | 


16,200 , 500 ! .0280 




8,040 1 100 

80,400 1 1,000 

8, 040 100 




.0010 


.0639 




.0020 


45,600 1,600 
8, 040 ! 100 


.1020 


.0035 


00, 800 1 2, 000 


.1580 


3, 040 100 


.0122 




07, 400 2, 217 




Ultimate strength. 







Fibers crashed and longitudinal seams opened 28" from end of stick, 
in the vicinity of several ^uots. 



No. 494. 



^ 



16'.' 






<^^ 



saio 



3 



Weighty S7i pounds. 

Sectional area, 29.9 square inches. 

Gauged length, 6(K'. 



Loads ap- 
pUed. 


Pounds per 
square inch. 


Compres- 
sion. 


Permwent Remarks. 


Pound*. 
2.99C 
14,960 


100 


Inch, 
0. 
.0160 


Ineh, 


Stick contains eleren knots. V 
diameter. 

Ultimate strength. 


1 2,900 ' 100 
29,900 1.000 

2,990 100 
44, 860 * 1, 500 

2,990 i 100 
69.800 2.000 

2,990 100 
70 800 ^ ^'^A 




0. 


.............. 

.0340 


.0002 


.0686 


.0006 


.0748 




.0010 






1 







Failed at five knots 16" from end. 



No. 495. 



^ 



Weighty 45 pounds. 
Sectional area« 29.8 square inches. 

Ultimate strength, 74,100 pounds = 2,487 pounds per square inch. 
Failed from 20" to 25" from end where the stick was cross-grained 
and had some knots. 
8. Ex. 1 16 
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No. 512. 



iMfSrtf 



<^^^ 



Weight, 62^ pounds. 

Sectional area, 30.1 square inches. 

Ganged lengthy 100^'. 

Not connterweighted. 



applied. 



PoiMUif. 

8,010 
IB, 050 

8,010 
80,100 



46,180 
'io,'80O* 



70,000 ;. 

80,000 . 
82,000 I 



Poanda 

per 
square 

inch. 



100 
500 

100 
1,000 

100 
1.600 

100 
2,000 

100 



2,724 



CompiM- Perma- 
sion. nent aetb 



0. 



.0775 

".'mi' 
VieS" 



Inch, 



0. 

"*.'6oo8" 
"'.'ooii' 



Defleotioiis. 



Horixontal. YeitioaL 



Inch, 
0. 

.01 
0. 

.08 
0. 

.07 
0. 

.10 
0. 

.07 
I .17 



.1. 



Inch, 
0. 
0. 
0. 

— .06 
0. 

— .08 
0. 

— .10 

— .01 

— .12 

— .18 



Bemarks. 



UltlmAte strength. 



FaUed at some knots 40^' from end. Maximum deflection occurred 
at this ]>oint. 

No. 619. 



:^ 



Sectional area, 29.7 square inches. 
(Ranged length, 100"'. 
Weight, 49} pounds. 
Not connterweighted. 



I Applied. 



I 



Pcwidt. 
2,970 
14,850 I 



Ponnde ; 

per Compres- 
sqvare I don. 

inoh. 



29,700 



44,550 



76,400 



100 
500 
100 

1,000 
100 

1,600 
100 

2.630 



Inch. 
0. 



.0766 



.1220 



Perm*- 
nent set 



Inch, 



— .0006 



— .0004 



Deflections. 



HorizontaL Vertioal. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



KemArks. 



mUmate strength. 



Failed at some knots near middle of stick. Deflecting sideways. 
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No. 620. 




J 



jjo.'Srtf 



Sectional area, 29.7 square inches. 
Oaaged length, IW. 
Weight, 59i pounds. 



! applied. 



Poonda 

per 
square 
inch. 



Pounds, t 



14,860 
*»*76o* 

iiiseio' 
*ei,'7o6" 



IM 

500 

leo 

1,000 
100 

1,500 
100 

2,077 



Comprea-I Perma- 
don. I neat aet 



Inch. 

0. 



Inch. 



.0770 
.*i2i6' 



.0005 
\'6007' 

".'ooii' 



DeflectionB. 


HorizuotaL 


YerticaL 


Inch, 


Inch. 


0. 


0. 


0. 


«• 1 


0. 


0. ! 


0. .04 


0. 0. 


0. .08 


0. 1 0. 


-.00 


.15 




Ultiinate atrength. 



Failed at some knots 30^' from end. 



No. 516. 



jjo.iia~ 



1 



Sectional area, 29.8 square inches. 
Gauged length, lOO"'. 
Weight, 60 pounds. 
Oounterweight at middle, 30 pounds. 



Ponndfl 



, Ponndfl \ I 

Loads I per , Compree-j Perma- 
applied, square { alon. ; nent aet. 
inch. 



Pounds. 



2,080 


100 


14,900 


500 




100 , 


20.800 


LfOO ' 




100 i 


44,700 - 


1,500 




100 


50,600 ! 


2.000 


68,000 1 


2,282 



0. 
.0105 

"'.ibii' 

".1602 



Ineh. 
0. 



.0010 
**0020 

'.'ooao' 



Defleotiona. 
Horiaontal. Yertioal. 



Ineh. 
0. 

— .04 
0. 

— .10 
0. 

— .15 
0- 

— .25 



Bemarka. 



Inch, 
0. 

— .01 
0. 

— .06 
.0 

— .00 

— .01 

— .12 



ntimate atren^fch. 



Failed at a group of knots 64'' from end. 

This post h£ul groups of knots at intervals along its length of 18'' to 
24". The failure occurred at the third group from the end. 

Post now sawed apart and a block (No. 616*, 12" long) obtained free 
from knots, also a block (No. 516*, 12" long) containing a group of knots. 
Their ultimate compression strength obtained as below. 

Blocks tested seven days after original test. 

Block No. 516' (free from knots): Ultimate strength, 101,900 pounds 
r^ 3,420 pounds per square inch. 

Block No. 516* (contains seven knots from J" to 1" diameter): Ultimate 
strength, 89,500 poundi^ ^ 3,003 pounds per square inch. 
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Hlock No, 516'. 




BiX)CK No. 516^ 




W^ 



No. 517. 



^1 



aML^# 



Sectional area, 30.25 square inches. 
Weight, 70 pounds. 
Counterweight at inkldle, 35 pounds. 
Gauged length, 100". 



f'-^ 

K ^**^\ 



1 



■" Iji^'-^f 










Loads 
applied. 



! Pounds. 
3,025 
, 15,125 



30,250 



45,875 



eo,5oo 

70,800 



Poands Deflections. 

per Compres- Penaft< I 
square sioa. nent set. , 

mcb. HorlEODtal. 



Remark n. 



Vertical. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 

2,340 



Inch. 
0. 
.1340 


Inch. 
0. 


.0760 


6. 


.1200 


0. 




.00u5 







Inch. 
0. 
0. 
6. 

— .OS 
0. 

— .10 



Ineh. 
0. 
0. 
•. 
0. 
0. 
0. 
0. 
0. 



Ultimate strength. 



Failed at a group of knots 58" from end. 
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No. 518. 



Sectional area, 30.25 square inches. 
Weight, 67J pounds. 
Gauged length, IW. 
Counterweight at middle, 34 pounds. 



Poan da 

per I ComprM' 
Applied, square , aiOD. 
inch. 



Pound*. 
8,026 
15,125 

1**80*256' 

**45,'876* 

rio'soo" 

100.000 



100 
600 
100 

1,000 
100 

1,500 
100 

2,000 

8,300 



0. 
.0272 



Perma- 
nent Mt.! 



Deflections. 



HorisontsL 



y«rtlAAl. > 



Remarks. 



Ineh. 



.0010 



.0010 



Itiek. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Ineh, 

0. 

0. 

0. 

0. 

Ol 
.05 

0. 

.10 
.12 



Ulttmato strengtii. 



Failed at a group of knots SI" ih>m end. 



No. 513. 



jM.'SRr 



^^ 



Sectional area, 29.9 square inches. 
Gauged length, KKK'. 
Weight, 84^ pounds. 





Ponnda 


Loads 


per 


appUed. 


sqoare 
inch. 


Poundi. 




2,090 


100 


14,950 


600 




100 


29,900 


1,000 




100 


44,880 


1.500 





100 


54,000 


1.806 



Compres-' Penua- . 
sion. I nent set ' 



Deflections. 



Remarks. 



.HoriacwtaL Yerttaal. 



Ineh. 
0. 
.0800 


Ineh, 
0. 


Ineh. 
0. 
0. 


Ineh, 
0. 
0. 








.0675 




— .06 
+ .04 


.10 




0. 


0. 


.0050 


.29 




— .0010 


— .04 















Ultimate strength. 



Failed at a group of knots 66^' from end, deflecting sideways and 
upward. 
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No. 514. 
JL n 



raa'lu 



Sectional area, 30 square inches. 

Ganged length, IW. 

'Weight, 90 pounds. 

Counterweight at middle, 45 pounds. 

Initial bend before dressing down &om size, 6" x &' : Horizontal, + "^26 . 



' applied. 



Poundt. 
6.000 
16,000 



80,000 



46.000 
00,000 
76,000 
90.000 
08,600 



PonndB 

per 
square 

iDoh. 



200 

600 

200 

1,000 

200 

1.500 

2,000 

2,600 

8,000 

8,117 



Compres* 
•ion. 



Inck. 
0. 
.0168 



.0420 



Pema- 
nent aet. 



Inch, 



Befleotions. 



HoriMmteL Vexiioal. 



Inch, 

0. 

0. 

0. 

0. 

.0. 

0. 

0. 

.02 
.00 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 
.06 
.11 
.28 



Remarks. 



I. 



Ultimate stiength. 



Failed by deflecting upward and sideways. 

Fibers crushing at some knots W from end A, and at some knots 
24'' from end B. 

No. 515. 



•it 






:igsc 



=] 



Sectional area, 28.4 square inches. 
Gauged length, lOO''. 
Weight, 01 pounds. 
Counterweight at middle, 45 pounds. 

Initial bend in post before dressing down from size 6''x6'': Hori- 
zontal, —".38,- vertical, —''.25. 



^ 



No. 521. 






:x 



.^d^C 



MiO."^ 



Sectional area, 28.6 square inches. 
Weight, 00} pounds. 
Oounterweight at middle, 48 pounds. 

Initial bendis in stick before dressing down from size 6"x6": Hori- 
zontal, + ".43; vertical, +".25. 
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LxMkUap' 


Defleo 


UOllB. i 


plied. 








Jneh. 


YertioaL ' 


PtmndM. 


Inch. 


2.000 


0. 


— .13 


4,000 


0. 


— .13 


6,000 


0. 


— .11 


8,000 


0. 


— .10 


10,000 


0. 


— .10 


12,000 


0. 


— .10 


14.000 


0. 


— .10 


10,000 


.02 


— .10 


18,000 


.08 


— .09 


20,000 


.04 


— .08 


22,000 


.05 


— .07 


24.000 


.07 


— .07 


20,000 


.00 


— .07 


28.000 


.10 


-.07 . 


30.000 


.11 


— .06 


32,000 


.12 


— .06 


34,000 


.14 


— .05 


38,000 


.16 


— .05 


38,000 


.18 


— .05 


40,000 


.20 


— .05 


42,000 


.24 


— .05 


44,000 


.28 


— .05 


48,000 


.44 


— .07 


50,000 


.55 


— .10 


62,000 


.00 


-.20 j 


58,000 


1.27 


— .40 ! 



Remarln. 



UltiiiiAte strength b1, 868 ponndi i 
p«r sqiiAre inoh. 



Deflected sideways and downward. 

Crashed fibers in vicinity of small knots {y diameter) at middle. 

No, 522. 



,^jc 



Sio.r9s 



Sectional area, 29 square inches. 
Weight, 101 pounds. 
Oounterweight at middle, 50 pounds. 

Initial deflection in stick before dressing down from sizeS^'xO^' 
Horizontel, + ".43. 



Loads ftp- 


A/eDOl 


juons. 


plied. 


1 






1 Horizontal. 

;• ■- 

JfWfc. 


Verticftl. 


Tfiwndm. 


■ 


2,000 


0. 


— .15 


4,000 


0. 


— .15 


6,000 


0. 


— .16 


8,000 


0. 


— .16 


10.000 


0. 


— .17 


12,000 


0. 


- .17 


14,000 


0. 


— .17 


16^000 


0. 


-.18 


18,000 


0. 


— .19 


20,000 


0. 


— .90 


22,000 


0. 


— .21 


24,000 


0. 


-.24 


26^000 


0. 


— .20 


28,000 


0. 


— .29 


30.000 


0. 


— .82 


82,000 


0. 


— .88 


34,000 


— .02 


— .45 


36,000 


— .08 


— .62 


88,000 


— .06 


— .72 


40,000 


— .14 


—1.05 


40,500 


— .14 


—1.48 



Romftrka. 



Ultiinftte atTCOgtb = 1,306 poonda 
par aqnare inch. 
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Deflected sideways and downward, opening seam (wind shake) on 
ooncave side. 

No. 523. 



'4- 



.J9C 



J 



Sectional area, 28.5 square inches. 
Weighty 96 pounds. 
Oonnterweight at middle, 47 pounds. 

Initial deflection before dressing down from size6^'x''6: Horizontal, 
+ ''.38. 









Loads ap- 






Bemarkt. 


plied. 






Horlcontal. 
Inch, 


Yertioal. 




Ponfuto. 


Ineh. 




2,000 


+ .08 


— .11 




4.000 


.00 


-.07 




t^ 


.00 
.00 


-.04 
— .08 




10,000 


.00 


— .01 




12,000 


.00 


0. 




14,000 


.00 


0. 




10,000 


.00 


.01 




18,000 


.10 


.01 




20,000 


.10 


.01 




22,000 


.11 


.01 




24,000 


.12 


.01 




28.000 


.18 


.01 




28,000 


.14 


.01 




30.000 


.15 


.01 




84,000 


.17 


.01 




88,000 


.20 : .01 


1 


.42,000 


.24 .01 




48,000 


.20 


0. 




50,000 


.88 


— .02 




64,000 


.47 


— .05 




80,000 


.70 


-.10 




84,000 


1.19 —.60 




^,800 






per aqnare inch. 










No. 524. 



Z:^ 



VJiXJff 



IfiSSs' 



Sectional area, 27.8 square inches. 
Weight, 109^ pounds. 
Oonnterweight at middle. 55 pounds. 

Initial deflection of stick before dressing down from original sixe 
6'' X ''6 : Horizontal, — ''.25. 
Seven knots in post, from f " to 1^" diameter. 
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Deflections. 


' 


Lottds ftp- 
plied. 




RemftTk*. 


Horisontal. Yertioftl. 


1 


PottiMte. 


Ineh. Ifuth. 


' 


2,060 


.0 .0 ' 


! 


4,000 


— .04 .0 




6,000 


— .06 1 —.02 




A^ 


-.06 -.04 
— .10 -.06 




12,000 


— .12 —.08 




14.000 


— .14 1 —.10 




16,000 


— .16 1 —.18 




18,000 


— .18 t —.16 




20,000 


— .19 1 -.10 




22,000 


— .21 —.22 




24,000 


-.22 -.26 




26^000 


— .25 —.20 




28,000 


-.26 -.83 




80,000 


— .29 , —.88 




82,000 


-.82 -.42 




84,000 


— .85 —.60 




86,000 


— .40 —.60 




88.000 


— .44 — .6« 




40.000 


-.61 —.82 




42,000 


-.62 1.04 




44,000 


— .79 1 L80 




46,000 


1.80 1.20 


Ultimftte aferoikgth » 1,610 pinwdt 
per sqnftre Inoh. 



Fibers crashed at knot near middle of post. 

No. 625. 




Sectional area, 27.9 square inches. 
Weight, 106^ ponnds. 
Oonnterweight at middle, 53 ponnds. 









Loftda ap- 






Renwekt. 


pUod. 








Horizontal. 


Vertical. 




Poundt. 


Inch. 


tndi. 




2,000 


.04 


-.17 




4,000 


.04 


— .17 




6.000 


.04 


— .19 




1 8,000 


.04 


— .20 




10,000 


.04 


— .21 




12,000 


.06 


— .22 




14,000 


.07 


-.24 


1 


16.000 


.10 


— .26 




18,000 


.12 


- .28 




20.000 


.14 


— .30 




22,000 


.17 


— .88 




24.000 


.20 


— .86 


1 


24,000 


.20 


— .86 


! Suatained load 5 minutes. 


26,000 


.24 


— .40 




28.000 


.30 


— .46 




80,000 


.86 


— .50 




32,000 


.45 


-.68 




34,000 


.56 


— .06 




86,000 


.78 


— .80 




88,000 


.96 


—1.00 




39,500 


L70 


—1.60 


Ultimate strength = 1,416 poinds 
per sqnafe inch. 



Failed at two knots (}'' X IV' diameter) at middle of post. 
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No. 526. 



~\ 



,2SX 



Sectional area, 27.8 square inches. 
Weight, 95 pounds. 
Oonnterweight at middle, 47 poands. 

Initial deflection in stick before dressing down from size ^' x6": 
Horizontal, —^^25. 





Defleotloiis. 




Loads Ap- 
plied.^ 












Bemarks. 


HoriaontaL 


Yerttcal 




PotttMte. 


Iwik. 


/fidk. 




2,000 


— .06 


a 




4.000 


-.06 


0. 




8.000 


— .06 


0. 




8.000 


— .04 


0. 


! 


10.000 


— .08 


0. 




18,000 


— .08 


.01 




14,000 


— .08 


.01 




16.000 


— .02 


.02 




18.000 


— .01 


.08 




20,000 


0. 


.04 




22.000 


0. 


.Ob 




24,000 


0. 


.06 




26.000 


.01 


.06 




28,000 


.08 


.07 




80,000 


.05 


.06 




32,000 


.09 


.10 




84,000 


.14 


.10 




86,000 


.27 


.10 




87,.000 


1.88 


.80 


Ultimate strength =1,331 poondi 
1 per square inoh. 






No. 


505. 


A^L 






^ \ 


%- 






Swc 




SToT^r 





Weight, 110 pounds. 
Oonnterweight at middle, 55 ponnds. 
Sectional area, 26.7 square inches. 

Initial bends in post before dressing down from size 6'^x6^': 
zontal + ".50; vertical, + ".38. 



Hon- 







Loads ap. 








plied. 


Hori«mtal. 


Yertloal. 


Poicndff. 


Intk. 


IwHi, 


2,000 


.04 


0. 


iooo 


.04 


.02 


6.000 


.04 


.06 


8,000 


.04 


.11 


10,000 


.04 


.13 


12,000 


.04 


.16 


14.000 


+ .02 


.16 


16,000 


.0 .18 


18,000 


- .01 


.20 


20,000 


— .02 


.21 


22,000 


- .05 


.24 


24,000 


— .08 


.26 


26,000 


- .11 


.28 


28.000 


— .16 


.30 


80,000 


- .22 


.84 


82,000 


-.88 


.40 


84,000 


-.50 


.60 


86,000 


- .90 


.60 


87,000 


-2.60 


.90 



Bemarks. 



TTltimate stcengthss 1,886 ponnds 
per square inch. 
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Failed by deflecting sideways and apward. When deflection reached 
3'' sideways, the post suddenly sprang, increasing the deflection to 8'', 



No. 506. 



^ 



I^N, 



£TO'.B3 



Weight, 113 pounds. 

Gounterweight at middle, 56 pounds. 

Sectional area, 27.1 square inches. 

Initial bend before dressing down from size &' x 6": Vertical,— ''.38. 





Deflections. 




Loads ftp- 


I 




Kemarks. 


Horizontal. 1 

! 


Vertical. 




Pound*. 


Inch, i 


Inch. 




2,000 


0. 


0. 




4.000 


-.02 , 


— .02 




6.000 


-.05 


— .05 




8,000 


— .08 1 


— .05 




10,000 


— .09 


— .06 




12.000 


-.11 


— .09 




14.000 


— .14 


— .10 




18.000 


— .16 ' 


— .11 




18.000 


— .18 


— .12 




20,000 


— .21 


-.14 




22.000 


— .25 


— .15 




24,000 


— .80 


— .17 




20,000 


— .34 


- .18 




28,000 


— .40 


— .20 




30,000 


— .48 j 


— .20 




32,000 


— .68 , 


— .21 




34.000 


— .80 ! 


— .20 




35,000 


—1.06 


— .20 




86,000 


—1.36 


— .20 




37,000 


—1.92 


-.20 




37,200 


' 




Ultimate strength = 1, 873 ponnda 
per aqnare inch. 










No. 50 


7. 






fMS 


^^ 


■ft fefcfc 






^ V 


^^. 






>ir* 1 



Weight, 118 pounds. 
Counter weight at middle, 59 pounds. 
Sectional area, 26.8 square inches. 
Initial deflection before dressing down from size ^" x 6'' 
-''.75; vertical, + ''.25. 



Horizontal, 
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LMldtftp. 






Kemarkt. 


plied. 








Horisoota]. 


Vertleid. 




PouHdt. 


Inch, 


Ineh. 




2,000 


— .10 


.05 




4.000 


— .11 


.08 


1 


0.000 


— .10 


.10 1 


8,000 


— .00 


.12 




10,000 


— .08 


.18 




12.000 


— .08 


.14 




14.000 


— .00 


.15 




10.000 


— .10 


.18 




18.000 


— .10 


.18 




20.000 


— .12 


.10 




22,000 


— .14 


.20 




24,000 


-.15 


.21 




20,000 


— .10 


.24 




28,000 


-.20 


.to 




80,000 


-.22 


.20 




32,000 


— .27 


.80 




84,000 


— .30 


.82 




80,000 


— .35 


.85 




88.0U0 


- .42 


.40 




40,000 


— .60 


.48 




41,000 


— .58 


.50 




42,000 


— .80 


.51 




48,000 


— .78 


.55 




44,000 


-.08 


.00 




45,000 


-1.21 


.05 




40,000 


—1.00 


.70 




40,700 


—2.40 


.75 


Ultimato timug^ =1.748 pounds 








per eqiiare Inoh. 






No. 602. 


V 




."SMJr 






\ 




i 



Weigbtf 127 poands. 
Oounterweight at middle, 63 pounds. 
Sectional area, 27.7 square inches. 

Initial bend in stick before dressing down from size Q^' x 6'^: Yeiti> 
cal, + '^38. 





Defleetiona. 




Loads ap- 
plied. 




Remarks. 








Horiaontal. 


Vertioal. 




Paundi. 


, Ineh, 


Inek. 


' 


2.000 


-.17 


.82 




4.000 


— .17 


.85 




0,000 


— .17 


.88 




8.000 


— .20 


.40 




10,000 


— .22 


.42 




12»000 


-.24 


.46 




14.000 


— .27 


.60 




10,000 


— .80 


.62 




18.000 


— .84 


.58 




20.000 


— .87 


.64 




21.000 


— .40 


.70 




22,000 


— .42 


.75 




23.000 


— .46 


.80 




24,000 


— .60 


.86 




25,000 


— .54 


.96 




26,000 


— .00 


1.03 




27,000 


— .66 


1.20 




28,000 


— .74 


1.85 




20,000 


— .87 


1.60 




80,000 


—1.08 


L96 




80,000 


-1.48 


2.70 


Ultimate strength =1,116 ponnds 
per square inch. 



Failed by deflecting upward &nd sideways. 
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No. 603. 



r^s,e 




d- 


^v^ 


.'J9 C 



Weight, 125 pounds. 
Gounterweight at middle, 62 poands. 
Sectional area, 27.6 square inches. 

Initial bend in post before dressing down from size 6'' x 6'': Hori- 
zontal, +''.60; vertical, — ''.25. 



I 


Deflectiona. 


1 


Loads ap- 
1 plied. 








Bamarka. 


Horizontal. 


VerUcal. 


I 


I'oundi. 


Inch. 


Inch. 


' 


2,000 


+ .88 


.— .30 


. 


4.U00 


^ + .66 


— .26 




8.000 


t +.66 


— .25 




8.000 


.58 


- .24 




10.000 


.62 


— .26 




12,000 


.69 


— .26 


1 


U.OOO 


.75 


— .27 


1 
1 


16,000 


.84 


— .29 




18,000 


.96 


— .31 


1 


20.000 


1.10 


— .36 




21,000 


L19 


— .87 




22,000 


i.ao 


— .40 




28.000 


1.40 


-.46 




24,000 


1.60 


— .50 




25,000 


1.86 


— .60 




25,800 






.< Ultimate atreni^li = 935 poanda 








1 per sqaare inch. 



This post had two knots at middle about If" diameter each, and 
comers near middle chipped off i" chamfer. 

When post passed maximum load and deflected sideways and down- 
wai*d it splintered near middle, in the vicinity of the knots. 



]sro. 504. 



Z:-^ 



Weight, 127 pounds. 
Counterweight at middle, 62 pounds. 
Sectional area, 27.6 square inches. 

Initial bend in post before dressing down from size 6" x 6" : Verti- 
cal, +".25. 



t 


Deflectiona. 


Loada ap- 






plied. 








Horizontal. 


Vertical. 


POttfUlt. 


Inoh. 


Inch. 


2,000 


+ .35 


— .23 


4,000 


.36 


- .22 


6.000 


.87 


- .19 


8,000 


.39 


- .16 


10,000 


.41 


- .12 


12,000 


.45 


- .06 


14,000 


.50 


+ .02 


18,000 


.56 


.14 


18,000 


.63 


.31 


20.000 


.79 


.64 


21.000 


.93 


.95 


22,000 


1.24 


1.60 


22.200 







Bemarka. 



Ultimate atrengtb=804 pounds 
per Bqnare inch. 
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Failed by deflecting sideways and upward. 

Sprang suddenly and fractnred at some knots near middle. 

Obliqae fracture. 

No. 496. 




faspc 

— r — 



."'SSC 



:^ 



Weight, 169 pounds. 

Counterweight at middle, 85 pounds. 

Sectional area, 28.4 square inches. 

Before dressing down from 6'^x6'' stick, the post was deflected at 
middle: Horizontal, +''.38; vertical, +''.26, being convex on the heart 
side. 





Deflections. 


1 


1 Loadiap. 






1 

RemarkB. 


plled.*^ 






Horisontal. 


Verticid. 




Foumlt. 


Inch. 


jTHtA. 




1,000 


0. 


0. 




2,000 


0. 


0. 




3,000 


.02 


0. 




4,000 


.02 


0. 




fi.000 


.02 


0. 




6.000 


.03 


0. 




7,000 


.06 


.02 




8.0t0 


.06 


.04 


1 


9,000 


.06 


.06 


1 


10,000 


' .qo 


.06 


] 


11,000 


.10 


.68 




12,000 


•" 


.10 




18,000 


' .18 


.11 




14,000 


.14 


.12 




15,000 


.16 


.14 




16^000 


.17 


.17 




17,000 


1 .18 


.20 




18,006 


.20 


.21 




16,000 


.22 


.24 




20,000 


1 .25 


.27 




16.000 


i .10 


.11 




20,000 


1 .25 


.27 




21.000 


.27 


.30 




22,000 


.30 


.84 




23,000 


'^ 


.38 




24,000 


1 .40 


.41 




26,000 


1 .46 


.47 




26,000 


! .50 


.52 




27,000 


.58 


.58 


1 


28,000 


.68 


.67 


1 


29,000 


1 .80 


.77 


1 


30,000 


.90 


.93 




31,000 


1.20 


1.12 


1 


32,000 


1.70 


1.60 


' 


32,500 






1 UlUmate strength = 1,144 poundii 
per square iBoh. : 




|....... ........ 

i 1 










— - -.- ; 



Failed by deflection sideways and upward, taking a sudden spring- 
immediately after the maximum load was reached. 
The deflections followed the initial bend the stick had before dresRin^ 
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No. 497. 




.ZtiSac 



449P*9 



Weight, 173 pounds. 
Oonnterweight at middle, 85 pomids. 
Sectional area, 28.6 square inch. 

Before dressing down from Wx^'' stick, post had initial deflection: 
Horizontal, —''.38; vertical, +''.38. 



1 "" 




: 1 


; Loftds ftp- 
plied. 




- 


Remarkt. 


: HorisontoL ' 


Verticftl. 


1 


PottfMb. 


Ineh, 


liuik. 




1,000 


0. 


0. 




2,000 


0. 


-.02 




8,000 


0. 


— .04 


; \ 


4.000 


0. 


— .04 




6,000 


0. 


— .04 




8.000 


0. 


— .04 


1 


7,000 


0. . 


-.04 


1 


8.000 


-.02 


— .04 




9,100 


-.06 


— .04 




10,000 


— .06 


— .03 




11,000 


— .07 


— .02 




12,000 


— .08 


— .01 


, 


13,000 


— .10 


0. 




14,000 


— .11 


0. 




15.000 


-.11 


0. 


t 


16,000 


-.14 


.01 




' 17.000 


— .16 


.03 


; 


18.000 


— .18 


.04 


; 1 


18,000 


- .30 


.05 


" 


20.000 


— .28 


.07 


1 


21.000 


-.27 


.00 




22,000 


— . 81 . 


.11 




28,000 


— .84 


.14 




24,000 


— .88 


.16 




2fi,000 


— .44 


.18 




26,000 


— .61 


.22 


I 


27,000 


— .58 


.28 




28,000 


— .70 


.82 




1 »,000 


— .86 


.40 




i 80,000 


-1.06 


.40 




i 81.000 


—1.32 


.56 




; 32,000 






1 Ullimate strengUi =i= 1. 119 pounds 


1.^ 






1 per sqnare inch. 



Failed by deflection sideways and apward, following the Initial direc- 
tion of the bends in the upward movement and contrary to the sideways 
initial bend. 



No. 498. 




■^ 



eS93i 



Weight, 157 pounds. 

Sectional area, 28.6 square inches. 

Counter weight at middle, 78 pounds. 

Initial bend in post before dressing down from 6"x6" square: Hori, 
zontal, —".38; vertical, -".50. Piece 5".35x".70x".35 set in end A 
12" from end of stick. 
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! 


Loads ap- 






Homarks. 


plied. 










HorixontaL 


YertieaL 
Inch. 


1 


Poundt. 


Inch. 


• 


1,000 


1 0. 


0. 




2,000 


' 0. 


0. 




3,000 


0. 


+ .01 




4.000 


0. 


.03 




5,000 


0. 


.04 




8,000 


— .01 


.05 




7.000 


— .02 


.07 




8,000 


- .02 


.08 




9,000 


' — .03 


.00 


1 


10,000 


1 — .04 


.10 


1 


11,000 


— .04 






12,000 


— .04 


.12 




13,000 


-.04 


.14 


^ 


14,000 


1 -.03 




• 


15,000 


— .03 




1 


16.000 


I -.02 


.18 




17,000 


-.02 


.20 




18,000 


— .01 


.21 




19.000 


— .01 


.22 




20,000 


0. 


.24 




21,000 


, 0. 


.26 




22,000 


+ .01 


.28 




23,000 


i .02 


.31 




24,000 


.04 


.84 




26,000 


.06 


.38 




26.000 


.12 


.48 




27.000 


.23 


.65 




28,000 


.67 


1.25 


Ultimate strengths 979 poands 
per square inch. 



Failed by deflection sideways and upward, taking a contnuy direction 
to the upward initial bend in the post but continaing the initial side- 
ways bend. 

The piece set in near end A did not appear to have caused weakness 
and given direction to final deflection, although it was on the concave 
side at final failure. 

OOMPBESSION OP WHITE-PINE POSTS — (Continued). 

^ecimens from sUtck 8" x 10", 6" x 16", 7" x 16", and 9" x 17". 

No. 569. 



^<^^ 



90,'^r 



Sectional area, 74.9 square inches. 

Gauged length, 50". 

Weight, 94 pounds. 

Not counterweighted. 

Average rate of growth, 10 rings per inch. 
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Loads ap- ; Ponndn per 
plied. sqaare inch. 



Potmdt. 
7.490 
37,460 

'74,' wo' 

"il2,'35b* 
"i4i,'866' 
"204*006' 



100 
500 
100 

1,000 
100 

1,500 
lUO 

2,000 
100 

2,734 



Compression. 

Inch, 
0. 


Pemument 
set. 

Inch. 


Remarks. 


.0129 








0. 




.0311 




~ .0006 


.0505 












.0704 








0. 






Ultimate strength. 


i 





Failed at knots W from middle of post. 



No. 570. 




Sectional area, 74.7 sqaare inches. 

Gauged length, 50"^ 

Weight, 93 pounds. 

iNot couDterweighted. 

Average rate of growth, 7 rings per inch. 



Loads ap< 
plied. 



Pound*. 
7,470 
37.350 



Pounds per r«««.«,*— 1«« ' Permanent 
lonam iiah. I Compression. „*^ 



square inch. I 



74, 700 

iii'oeo' 
'i46,'4o6' 
"m.'oob' 



100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
2,809 



Inch. 
0. 



Inch. 



Bemarks. 



• 


— .0004 


.0360 




— .0010 


.0580 




— .ooio 


.0610 




.0004 









Ultimato strength. 



Failed at some knots near middle of post. 

Ko. 571. 





SOJU 

Sectional area, 74.4 sqaare inches. 
Ganged length, 50''. 
Weight,* 120^ pounds. 
Post contains considerable sap. 
Not counterweighted. 
Average rate of growth, 12 rings per inch. 
S. Ex. 1 17 
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< Loads ap- 
I piled. 



I Founds per . r'«-„_-«..4«„ ! PermanMit ' 
square l£oh. Compression. ^^ . 



Bemarlis. 



PoufuU. 

7,440 
87.200 

"'74,'466' 

**iii,"ioo 

"i4«,'800' 
"i85,'000' 



100 
500 
100 

1,000 
100 

1,500 
100 

2.000 
100 

2,487 



Inch. 
0. 
.0120 



Inch. 



.0314 
.6522" 
.0736' 



0. 

"6." 

* 11'. 0002' 
"0. 



Ultimate strength. 



Failed at a group of knots 9'' from end of post. 



No. 575. 




c^^ 



Sectional area, 74.6 square inches. 

Gauged length, 100''. 

Weight, 166 pounds. 

Not counterweighted. 

Average rate of growth, 15 rings per inch. 



Loads ap- 
plied. 


Pounds per 
! square inch. 

1 

100 

500 

100 

1 1,000 

100 

1,500 

100 

2,000 

100 

2,498 

1 


Compression. 

Inch. 
0. 
.0302 


Permanent 
set. 

Inch, 




Bemarks. 


1 


Poundt. 
7,460 
87,800 


1 

Ultimate 


strength. 






0. 




74,600 


.0695 




"0. 




111,900 


.1110 




0. 




149,200 


.1537 




.0010 


186,000 





Failed at some knots 2V from end of post. 



No. 576. 




^^V3^ 



latfae 



Sectional area, 75.3 square inches. 

Ganged length, 100". 

Weight, 166 pounds. 

Not counterweighted. 

Average rate of growth, 11 rings per inch. 
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Loads appUed. 


Potmdflper 
square inch. 

100 

600 

100 
1.000 

100 
1,500 

100 
2,000 

100 
2,717 


Compression. 


Permanent 
set. 


Remarks. 


Pounds. 
7,680 
37,660 


Inch. 
0. 
.0276 


Inch, 








0. 




76^300 


.0626 




.0008 




112,050 


.0988 






.0018 




150,600 


.iSTO 






.0031 




204.600 




intimato strength. 







Failed in the vicinity of knots 13'' and 27" from end of post. 



No. 677. 



S" failure 




Sectional area, 75.3 sqaare inches. 

Gauged length, 100". 

Weight, 160 poands. 

Not coanterweighted. 

Average rate of growth, 10 rings per inch. 





Ponndsper 
sqosre inch. 


Compression. 


Permanent 
set. 


Bemarkii. 
mtimatestraiigtli. 


Pounds. 
7,530 


100 
600 
100 

1,000 
100 

1,600 
100 

1,703 


Ineh. 
0. 
.0268 


Inch. 


37,660 






0. 


75, 300 


.0657 






112,950 


.1070 






.0005 


136^000 









Failed at knots 8" to 11" from end. 



No. 581. 









^ 




<z^^^^" 


-t ■'='" 




iOOi'lS 







Sectional area, 75.6 sqaare inches. 

Gauged length, 100". 

Weight, 221 poands. 

Not coanterweighted. 

Average rate of growth, 7 rings per inch. 
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Loads applied. 

Potindt. 
7,680 
37,800 


Pounds per 
square inch. 

100 . 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
2.222 


Compression. 

Inek. 
0. 
.0312 


75,000 


.0750 ' 
1 


113,400 


.1210 


151,200 


. 1718 


168.000 







'**™t "°* ' Itemarks. 

Inch. 

■— .0005 ""', 
—.6005" 

"—.oom" 
.'ooii'"' 

Ultimate strength. 



Failed at knote 14'^ and 4A" from end. 



No. 582. 



Sectional area, 75.6 square inches. 

Gauged length, 100'^ 

Weight, 182 pounds. 

Not counterweighted. 

Average rate of growth, 3 rings per inch. 



Loads applied. 

Poundi. 
7,560 


Pounds per 
square inch. 

100 

500 

100 
1,000 

100 
1,500 

100 
1.687 


Compression. 

1 

Inch, 
0. 
.0510 


Permanent 
set. 

Inch, 


Remarks. 


37,800 








.0010 




75,600 


.1167 






.0015 




113,400 


.i880 




.0046 




127.500 


, 


UlUmate strength. | 


i 





Failed at knots 1^" diameter, 13'' and 18" from end. 



No. 583. 



'2P 



^ 



J60ri^ 



Sectional area, 69 square inches. 

Gauged length, 100''. 

Weight, 196J pounds. 

Not counterweighted. 

Average rate of growth, 1.'^ rings per inch. 
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Ponnda per 
square inch. 

100 

500 

100 
1,000 

100 
1,600 

100 
3,022 


1 
Compreaaion.i 

iMh. 


Permanent 
Ineh. 


Bonarka. 

Ultdmate strength. 


Povndt. 
6,900 
34,600 


.0296 




.0010 


60,000 


.0625 
.0950* ' 


.0010 


103,500 


.0020 


*»•"» ; 










Failed at a groap of knots 50" from end ; largest knot, 1 J" diameter* 

No. 590. 



SO07MO 



Sectional area, 74.3 sqaare inches. 

Oauged length, 150^^ 

Weight, 242 pounds. 

Counterweight at middle, 126 pounds. 

Average rate of growth, 7 rings per inch. 



JamAb ap- 
plied. 



Fwmd*. 

7,490 

37,130 



74,800 
'iii,*460' 
'i48,'6M' 

iii^'ooo' 



Pounds comprea- 



100 
500 
100 

1,000 
100 

1.500 
100 

2,000 
100 

2,167 



Pennftnent 
set. 



Deflections. 



JfMlk. 
• 0. 


Inch, 


.0446 




0. 


.1060 




0. 


.1710 




.0010 


.2450 


.0040 ' 


'.'.'.'.'.'.'.'//.'. 









HoriKontal.; YertioftL 



Remarks. 



Ineh. 


Inch. 


0. 


0. 


.01 


.08 


0. 


0. 


.03 


.05 


0. 


0. 


.06 


.06 


.01 


.01 


.10 


.05 


.01 


0. 


.28 


— .05 



j Ultimate strength. 



Failed at knots 20^' from end. Five knots at place of failure, size 
varying from 1" to IJ'' diameter. 

No. 591. 




Sectional area, 74.5 square inches. 
Oauged length, 150''. 
Weight, 210i pounds. 
Counterweight at middle, 108 pounds. 
Average rate of growth, 9 rings per inch. 
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Loads ap- ; 
pUed. 



Poundt. 

7.4S0 

37, 2M 



74,500 

"iii,"75o" 



149,000 

ioi'ooo' 



Poanda | 
per aqoare 

ilKML 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,188 



CompreH- 
Hion. 



Pennuient ' 
set 



Deflectiona. 



Rcjnarka. 



'Horizontal.! Vertical. 



Inch. 
0. 


Inch. 


.0565 






.0015 


.1275 






.0020 


1 .2008 






.0030 


1 .2850 






.0004 



Inch. 
0. 
0. 
0. 
0. 
0. 
— .01 
0. 
.00 
0. 



Inch, 
0. 

— .01 
0. 

— .02 
0. 

— .04 

— .0 
0. 
0. 

— .30 



Ultiinate atrength. 



Failed at a group of knots near middle of post ; one knot 2" diameter* 

No. 592. 




Sectional area, 75.6 square inches. 

Gauged length, 15(y'. 

Weight, 274 pounds. 

Counter weight at middle, 138 pounds. 

Average rate of growth, 8 rings per inch. 



Loada ap- 
pUed. 



Pounds. 

7,660 

37,800 



Poanda 
Iraqi 
Sncl 



I 



per aquaro 
'ncn. 



75,600 
"ii3,'400" 



161,200 

'i76*ioo* 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,310 



Comprea- 
aiun. 



Inch. 
0. 
.0610 



Permanent 
aet. 



Inch. 



Deflectiona. 





.0012 


.1123 






.0023 


.1760 






.0037 


.2476 






.0088 








Horizontal, 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.08 
0. 

.10 



Vertical. 



Inch, 
0. 

- .04 
0. 

- .07 
0- 

- .10 
0. 

- .14 
0. 

- .21 



Remarka. 



Thia poat oon- 
tained 2ilEnot8, 
aTeraglng 2" di« 
ameter. 



Ultimate atrength. 



Failed 75" from end, at a knot 2^" diameter. 

No. 533. 



^ft^rS'S cru9h €d. 




t40."£'4^ 



Sectional area, 73 squar^^ inches. 

Gauged length, 200''. 

Weight, 278 pounds. 

Ck)unterweight at middle, 138 pounds. 

Post contains 30 knots, from ^*' to IJ" diameter. 
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Pounds I : 

Loads ap- personarej Compres- | Permanent ^ 

plied. incn. sion. set. ' 



Deflections. 



Horizontal.' Vertical. 



Remarks. 



7,300 
36,600 


100 
500 
100 


78,000 


1,000 
100 


109,000 


1,500 
100 


140.000 


1,918 



Inch. 
0. 


Inch. 


.0693 






.0003 


.1570 




.6616 


.2470 






.0030 











Inch. 
0. 

- .02 
0. 

- .05 
0. 

- .08 
0. 

-1.20 



Jneh. 
0. 

- .03 
0. 

- .06 
0. 

- .10 

- .01 

- .49 



mtlmate strength. 



Deflected sideways. Fibers crushed at some knots at middle of post. 



No. 534. 




^a4f.'!be 



Sectioual area, 68.6 square iuches. 

Gauged lengthy 200''. 

Weight, 285 pounds. 

Counterweight at middle, 138 pounds. 

Quality of post as regards knots about the same a8 No. 533. 



I^V'^lpe^ZSUiCompr^^ 



plied. 



Poundg. 

6,860 

34,300 



68,600 



80.000 
90,000 
100,000 
110,000 
120,000 
130,000 
140,000 
150,000 
160,000 
166,000 



Permanent . 
set. 



Deflections. 



Ineh. 



Inch. 



'Horizontal.! Yertl«al. 



100 


0. 
.0580 




500 




100 


0. 


1.000 


.1336 




100 


0. 








::::.:::::. :t::::::::::::t:::::::::::: 


:....'....:.:::::;:::::::::::: 




1 * — 


1 I 


[ 1 


, 


1 


2,420 




..^ 



Inch. 


Inch. 


0. 


0. 


.01 


.07 


0. 


0. 


0- ; 


.15 


0. 


.01 


- .01 1 


.18 


- .02 i 


.20 


- .03 


.21 


- .05 


.24 


- .07 


.26 


- .10 


.29 


- .15 


.30 


- .21 1 


.32 


- .86 


.34 


- .70 i 


.34 



Bemarks. 



Ultimate sliength. 



Fibers crushed at knot near middle of post. 



No. 535. 




S'€or2s 



Sectional area, 68.5 square inches. 
Gauged length, 200''. 
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Weight, 295 pounds. 

Goanterweight at middle, 138 pounclB. 



Loads ap- 
plied. 



P«5*^ ""'moT*' 



; Permanent 
not. 



I 



Deflections. 



UorleonUl. Vertical. 



Remarks. 



: Pcundt. 
0,850 


100 
600 
100 

1,000 
100 

1,500 
100 


Inch. 
0. 
-.0408 


Inch, 


84,260 




0. 


08^500 


.1090 






0. 


108,750 


.1738 




0. 


110^000 
120.000 
180,000 
140,000 
150,000 
100,000 
170,000 
180,000 
190,000 

200; 000 






1 1 




1 
































... 






3,007 











Ineh. 
0. 
0. 
U. 
0. 
0. 

- .01 
0. 

- .08 

- .04 

- .04 

- .06 

- .06 

- .08 

- .08 

- .00 

- .10 

- .10 
+ .10 



Ineh. 

0. 
.02 

0. 
.04 

0. 
.04 

0. 

.03 
.04 
.04 
.04 
.04 
.04 
.08 
.08 
.02 
.01 
- .04 



{ Ultimate strength. 



Failed at some knots 24:" from middle of post; maximum deflection 
at this point. 

No. 539. 




.4'9X 



Sectional area, 75.4 square inches. 
Gauged length, 200"'. 
Weight, 352 pounds. 
Oounterweight at middle, 176 pounds. 

Initial bend in post before dressing down from size S'^xlO" : Hori- 
zontal -".50. 



Loads ap- 
plied. 



Paunda. 
7,540 
37,700 



Ponndfl 

Br MI] 

inon 



per M aare 
Inon. 



Compren- 
sion. 



' I 

Permanent ' 



Beflectiona. 



iHoriao&tal.' Vertical. 



Kemarka. 



75,400 



I 113, 100 

I "120, 000" 
I 130, 000 
I 140.000 



100 
500 
100 

1,000 
100 

1,500 
100 



1.857 



liiCh. 

0. 


Ineh. 


.0700 


.0660 


.1710 


0010 


.2700 


"".0025"' 



Ineh. 
0. 

— .04 
0. 

— .08 
0. 

— .21 
0. 

— .20 

— .38 

— .60 



Ineh, 

0. 
.03 

0. 
.10 

0. 
.15 

0. 

.19 
.20 
.22 



' Ultimate Dtrength.' 



Sustained maximam load 3 minutes, horizontal deHe(*tion increasing^ 
rapidly. 
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No. 540. 



-^ 



260."^ 

tSectional area, 74.2 square inches. 
Gauged length, 200". 
Weight, 357 pounds. 
Counterweight at middle, 178 pounds. 

biitial deflection before dressing down from size 8"xl0": Verti- 
cal -''50. 



Ijoads ap- 
plied. 



r<mnd9. 
7,420 
37,100 

"74.260* 

"'iii.'aoo' 



120. QiO 
180.000 
140.000 
ISO, 000 
160,000 
170,000 



Pounds 

per sqnare 

incn. 



100 
500 
100 

1,000 
100 

1,500 
100 



Comprea- 
sion. 



Permanent 
set. 



Deflections. 



HorizontaL 



iMk. 

0. 


IflCfc. 


0656 




.1240 • 


.0010 




.0016 


.1060 






.0020 



2.301 



Inch. 

0. 
.03 

0. 
.09 

0. 
.17 

0. 

.17 
.20 
.25 
.83 
.44 
.86 



Remarks. 



Yenioal. 



Inch. 
0. 



— .03 
0. 

— .03 

— .03 

— .04 

— .08 

— .02 
+ .04 



I Post contains 32 I 
i knots, Tarvingin ! 
diameter from I" 1 
I to \\". 



Ultimate strength.! 



Failed by horizontal deflection, fibers crushing at knots near the 
middle. 

No. 541. 



•5 



W 



^907X9 



Sectional area, 72.5 square inches. 
Gauged length, 200''. 
Weight, 340 pounds. 
Oounterwelght at middle, 170 pounds. 



I Loads ap- | JL^Sf.?" Compren- Permanent 
I plied: P**;;?;* slon. set. 



i Vwifidt, 
1 7,250 

I 36,250 

;"'*'72,"500" 

j"*i08,'756' 



120,000 
130,000 
140,000 
150,000 



inch. 



100 
500 
100 

1,000 
100 

1,500 
100 



Deflections. 



Inch, 
0. 
.0680 

" .iiio' 

"."2i46' 



2,069 



Inch. 



Horizontal. Vertical. 



.0014 
.6020' 
'.'0636" 



Remarks. 



Failed by deflecting diagonally i 



Iivch. 


Inch. 


0. 


0. 


0. 


0. 


0. 


0. 


— .10 


». 


0. 


0. 


— .25 , 


.04 


-.02 t 


0. 


— .32 


.05 


- .41 


.10 


— .61 


.16 


—1.22 


. 40 ' Ultimate strength. 


'^ays ppud 


upward. 
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No. 536. 






^ 



Sectioual area, 69.8 square indies. 
Gauged length, 300'^ 
Weight, 427 pounds. 
Counterweight at middle, 214 pounds. 



Loftds ap- 
I plied. 



Poundt. 

8,980 

34,900 



09,800 

'ioi'Too 



110,000 
120,000 
130,000 
140, 000 
150.000 
160,000 
109,000 



Pounds I I 

per Compres- Ferma- 
sqoare ( sion. | nentset 
inch. 



100 
500 
100 

1,000 
100 

1,600 
100 



. Inch. 
0. 


Inch. 


.0745 


"6."* 


.1992 






.0006 




i .2705 






.0017 



2,421 



Doflections. 


i 

^ Remark A. 






HorizontaL { 


Vertical. 




Inch. 


Inch. 




0. 


0. 




0. 


.03 




0. 


0. 




0. 


.08 




0. 


0. 




.08 


.11 




0. 


0. 




.01 


.13 




.01 


.15 




.08 


.16 




.06 


.19 




.10 


.21 




.20 


.28 


• 


1.00 

. 1 


.15 


. Ultimate stren^^b. 



Failed hy deflection sideways, crushing fibers at two places near mid- 
dle of post at knots. 

No. 537. 



i 



.62 X 

T — 



Sectional area, 70 square inches. 
Gauged length, 300'^ 
Weight, 397 pounds. 
Counterweight at middle, 200 jwunds. 

Initial bend in post before dressing down from size 8'' x 10'': Verti- 
cal, +".62. 

I , Pounds I I 

Loads ap-! per Compres-j Ferma- 

I plied. , sqnare sion. \ Dent set. 



Vouni*. 
7,000 
35.000 

'"70,060" 

"ids* 666 



I 110,000 
120,000 I 

' 130, 000 i 
140, 000 



inch. 



100 
500 
100 

1,000 
100 

1,500 
100 



Intk. 
u. 



.2025 



Iwh. 

".6624" 
.6636" 
'.'6644* 



2,000 



Deflections. 










Remarks. 




Horixontal. 


Vertical. 
Inch. 


1 




Inch, 






0. 


0. 






— .02 


- .07 


/ 




0. 


0. 






— .10 


— .09 






— .01 


0. 


1 




— .22 


— .10 


1 




— .02 


0. 






— .21 


- .10 






- .84 


— .10 






-.46 , 


— .10 






-.70 ; 


— .10 


; Ultimate strength. 





Deflected .sideway.s, taking a sharp band at middle at some knots. 
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No. 538. 



JMO"^ 



Sectional area, 69.9 square inches. 
Gauged length, 300'^ 
Weight, 384 pounds. 
Oonnterweight at middle, 200 pounds. 



Pounds I 
Loads ap- per i Compres 
I plied. sqaare sion. 
inch. 



Foundt. ' 
6,990 I 
34,950 

"09,' 966*, 

r'io4,"86i'! 
i'iio.'ooo" 

, 120,000 I 

; 180,000 

I 134,.000 I 



100 
500 
100 

1,000 
100 

1,500 
100 



1,917 



Inch. 
0. 
.0042 



.2160 



.8444 



r 



I 



Perma- 
nent set I 



Deflections. 



HorizontaL YertlcaL 



Inch. 

".*ooi7* 



—.0042 
'".'6695* 



Inch. 

0. 

0. 

0. 
.03 

0. 
.15 

0. 

.18 
.80 
.72 

1.C7 



Kemaxks. 



Tneh. 




0. 




— .04 




0. 


' 


— .12 




0. 




-.22 




— .01 




— .26 


f 


— .80 




-.42 


1 


— .00 


1 Ultimate Strength. 



Deflected sideways and downward, crushing the fibers on concave side- 
at knots. 

No. 702. 



J9^lQM 



Sectional area, 87.2 square inches. 

Gauged length, 150". 

Weight, 300 pounds. 

Average weight of growth, 10 rings per inch. 



> Pounds ; 

Loads ap- per Compres- 

plied. ; square sion. 
! inch. 



Pei-ma- 
nent sot 



Deflections. 



Hori- ; Verti- Verti- 1 
zontaL cal, W. ! cal, B. 1 



Remarks. 



) Pound4t. 
1 
43,000 




500 



Inch. 
0. 
.0700 


Inch. 

0. 


, Inch. 
0. 
.01 


Inch. 


0. 




. 60,000 

80,000 

1 100,000 




.0005 


.01 

0. 
, - .02 
, -.10 

! — .20 

,-.87 


— .08 

— .04 

— .04 

— .04 

— .05 

— .06 

— .10 


"".oi* 
"".io'* 


















120.000 
140,000 
150,000 
150,000 


























1,823 






Ultimate strength. 









NOTB.— The letters W and B are used to indicate that Tertical deflections were taken on the west 
aad east side of machine. The measarements show an apparent vertical movement, pins on one side- 
aad minus on the other, as the stick twisted during the test. 
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Fibers crashed 23'' from end at a group of knots. 

No. 703. 




jao.os 

Sectional area, 87.5 square inches. 

Oauged length, ISC'. 

Weight, 267 pounds. 

Average rate of growth, 5 rings per inch. 



[ Pounds 

I Loads per 

I applied, square 

I inch. 




48,750 

""io.'oK 

80,000 
100,000 
120,000 
140,000 
156,000 
100,000 
168,500 



Deflections. 



Compres-i Perma- 
sion. ! nent set. 



Hori- Yerti- 
Eontal. I oal, W. 



Veitl. 
cal,S. 



500 




Inch. 
0. 



1,026 



Jfuh. 



Inch. ' Ifieh, ! Inch. 
0. a 0. 

.07 .06 I - .05 



.04 
.02 
0. 
~ .03 

- .06 

- -16 I 

- .20 ' 

- .61 I 



.07 
.09 




.10 


0. 


.10 




.10 




.10 




.10 




.12 





Remarks. 



Ultimate strength. 



Failed by horizontal deflection, minus direction; took maxim urn 
flection at a group of knots about 12" from middle of stick. 



de- 



No. 704. 



33ar 



Sectional area, 88.1 square inches. 

Oauged length, IW. 

Weight, 267 pounds. 

Average rate of growth, 12 rings per inch. 



i Pounds 

Loads I per Coropres-' Perma- 

applied. I square sion. nentset. 

I inch. ' 



Deflections. 



Pounds. 


I 44,050 

i""60,666 
! 80.000 
100,000 
120,000 
140,000 
150,000 
160.000 
165, 000 



I 

Inch. 
I 0,0. 

500 I .0653 
' 



Hori- 
eontal. 



Verti- Verti- 
cal, W. cal, B. 



Inch. 



.0003 I. 



Inch. 
0. 
0. 



Inch. 
0. 
0. 



Inch. 
0. 
0. 



1,873 J. 

I 



.01 

' - .07 

I - .20 

I - .81 

I - .40 

' - .55 

, - .83 



0. 

- .01 

- .02 

- .08 

- .03 

- .06 

- .06 

- .10 



Remarks. 



Ultimate strength. 
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Failed by horizontal deflection, minus direction; fibers crushed about 
12" from south end at a group of knots. 



No. 699. 




Sectional area, 103.2 square inches. 

Weight, 356 pounds. 

Ganged length, 150''. 

Average rate of growth, 7 rings per inch. 



; Poimdt { 

Loads .' per iComprea-! Perma- i — 
applied, square i sion. j nentsel Hori 

' ^<*- I . izontai. 



Deflections. 



Pounds. 

51.800 


80,000 
100,000 
120,000 
140,000 
100,000 
180,000 
, 200,000 
220,000 
230,000 
I 240.000 



Verti. 
cal,W. 



Inch. 
0. 
500 .0485 


Inch. 
0. 





0. 


1 


......... 


;:!;:;:;**:::!:::::: 






•"'": !':::*:"■ 










1 








:;;;;:::::i:;:.:;:::: 




2.326 ' 









Inch. In<A. 
0. I 0. 
0. I .05 



.01 I 
.01 I 
.02 I 
.02 . 
.02 I 
.02 
.02 
.02 
.02 
.08 



.00 
.07 
.08 
.09 
.10 
.10 
.10 
.11 
.11 
.11 



Verti- 
cal, E. 



Inch. 

a 

.02 



Remarks. 



Ultimate strength. 



Failed by crushing fibres at a group of knots 40" from end. 



No. 700. 




3ro.^4' 



Sectional area, 103.2 square inches. 

Gauged length, 150"'. 

Weight, 395 i>ound8. 

Average rate of growth, 10 rings per inch. 
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Loads 
applied. 



Pounds. 

61,000 

"'"80,'6o6'! 
100,000 ' 
120,000 • 
140,000 ; 
160,000 , 
180,000 
200,000 
220,000 
230,000 
238,000 ' 



I I 

Poands ' 

per I Compna*! Perma* 
square sion. nentset. 
Inoh. ' I 



Dofleotions. 



< Inch. 

0. 
500 .0475 . 

.0 I 



Itieh. 



Hori. 


Verti. 


Verti- 1 


zontal. 


cal,W. 


c»l,B. 


Inch. 


Inch. 


Inch. '■ 


0. 


0. 


^- t 


.06 


.00 


0. t 


.08 




.07 




.00 


.08 


- .02 , 


.11 


.09 


1 


.12 


.10 


1 


.15 


.12 






Bemarks. 



2,316 



.18 
.21 
.26 
.81 
.40 



.13 
.16 
.20 
.21 



- .15 



I Ultimate strength. 



Stick failed at knots 10'' and 60" from north end; opened obliqae 
longitudinal crack between the above gronps of knots. 

No. 701. 




Sectional area, 103 square inches. 

•Gauged length, 150''. 

Weight, 376 pounds. 

Average rate of growth, 7 rings per inch. 



Loads 
applied. 

1 


Poands 

per 
sqnare 
inch. 



500 



Compres- 
sion. 


Perma- 
nent set 


D 

Hori- 
Eontal. 


eflections. 

Verti- VertJ. 
cal,W. cal.B. 


Bemarks 


PoundM. 



0. 
.0619 


Inch. 


Inch. 
0. 
.08 


Inch, 1 Inch. 
U. 1 0. 
.04 .02 




1 51, 600 

**"80,"o66' 
100,000 
120,000 
140,000 
160,000 
180,000 
200,000 
208,000 






.0 






.03 
.03 
.02 
.02 
.02 
.02 
.06 


.06 
.06 
.05 
.06 
.06 
.06 
.05 























































1,»71 






Ultimate strengt) 















Failed at a group of knots li" from middle of post. 



No. 705. 




Sectional area, 139.2 square Inches. 
Oaaged length, 150". 
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Weight, 657 pounds. 

Average rate of growth, 6 rings per inch. 

Stick in wet condition. 



i Loadfl 
applied. 


Pounds 

P6r 
aquare 
inch. 



T 


Compres- 
Bion. 

Inch. 
0. 
.0508 


Perma- 
nent net. 

Inch. 


DeflectionA. i 


Hori- Vertl- 
zontaL caI,W. 


Verti. 
oal,£. 


Remarks. 


: PowidM. 



Inch. 

0. 
- .10 


Ineh, 

a 

.02 


Inch. 
0. 




t 69,600 






.0005 




j 80,000 




- .10 

— .10 


.03 
.OS 


""*.'02* 




100,000 
1 140,000 
' 180,000 












-.10 j .05 
-.10 1 .06 

- .11 ' .05 

- . 13 , .05 
-.15| .04 
-.16' .03 

- . 19 i .02 

- .20 .02 










200,000 
220,000 








:;;::;::;i:::::::::; :::::::::: 




230,000 
240,000 






, 








250,000 
260,000 


........ ..j......... 











""."io 




270,000 
279,400 






- .25 - .02 






2,007 






-. .35 - .09 


Ultimate atrenffth. 













Failed by crashing fibers in vicinity of knot at middle of stick; also, 
•opened oblique longitudinal crack. 



No. 706. 




Sectional area, 139.6 square inches. 

Gauged length, 150". 

Weight, 437 pounds. 

Average rate of growth, 5 rings per inch. 



j Loads 
' applied. 


Pounds 

per 
square 
inch. 



500 



Compres- 
sion. 


Perma- 
nent set. 

Inch. 






^_ __ 


Hori- 
Bontal. 

Inch. 
0. 
.02 


Verti- 
cal,W. 


Verti- 
cal's. 


Remarks. 


1 Pounds. 



Inch. 
0. 
.0590 


Inch. 
0. 
.08 


Inch. 
0. 
-.05 


: 69,800 
' 






0. 




100.000 




.03 
.03 
.03 
.03 
.03 


.10 

:\l 

,20 
.22 


;::::::: 




140, 000 










' 180, 000 










200,000 








••-;i5- 

'..!'!!!! Ultimate strenirth. 




' 220,000 










, 240,000 
260,000 








.03 ' .25 
.03 .30 












' 280, 000 








0. 
-.10 


.37 
.45 




' 292,000 


2,092 


















1 



Failed at a group of knots at middle of stick, and at knots 29" from 
north end. 
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No. 707. 




XSTAibs 



Sectional aiea, 139.8 inches. 

Gauged length, 15(y\ 

Weight, 447 pounds. 

Average rate of growth, 5 rings per inch. 



I 



PoundB j 

Loads per CompreA-j Perma- i 

applied. ; square ' ston. nent set. | ^^ 

*°°^- ! aontai. 



Deflections. 



Verti. 
cal,W. 



Verti. 
cal,B. 



Pound*. 


00,900 

"i6o,'oo6 

140,000 
180,000 
200.000 




500 



Inch. Inch. 
0. 


Inch. 

0. 
- .06 


Inch. J Inch. 
0. 0. 


.0305 


.10 .05 


—.0006 






- .07 

- .08 

- .09 

- .10 

- .10 

- .10 

- .10 

- .12 

- .13 

- .18 

- .16 

- .18 

- .22 


.ii 




.13 




.16 ' 






.18 .06 


220,000 
240,000 
200,000 
280,000 
290,000 
300,000 
320,000 
340,000 






.19 






.20 I 





.21 




25 1: 


\ 1 


:S :::::::.. 






.27 






.80 






.32i 

.40 , -.16 


860,000 
860,000 




1.. 


2.668 






! 









Kemarks. 



Ultimate streugth. 



Failed by horizontal deflection, minus direction. Fibers crushed at 
north end, where the wood was iinperieet, giving direction to the final 
deflection. 



COMPRESSION TESTS OF WHITE PINE — (Continued.) 

Single sticks and Irnilt posts. 

No. 664. 



irr.s0 



Sectional area, 52.2 square inches. 

Ganged length, 150''. 

Weight, 153 pounds. 

Average rate of growth, 11 rings per inch. 



. Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 273 



I 



applied. 



Poundt, 


26.100 


40,000 
00,000 
80,000 
100,000 



Pounds 

per 
square 
inch. 





500 




Compres- 
sion. 



Inch. 



.0545 



Deflections. 



Compres- 
sion set. 



Hori- 
zontal. 



Inch. 



.0004 



Vertl- Verti- I 
calfW.I oal,B. ! 



. 110,000 2,107 I ' —.43 



Bemarks. 



Inch, 

— .23 

0. 


Ineh. 

0. 
.02 

0. 

.04 
.07 
.07 
.07 


Inch. ; 
0. 


— .21 

— .06 

— .20 


1 
"— '.'06"i 

*— '.os' 



.10 1 



Ultimate strengtb. 



Failed by horizontal deflection in minus direction. 

Deflection increased to — 2'^30 fibers of stick, crushing 15'' from 
middle, 2" from north end, and 8'' from south end, in the vicinity of 
knots. 



No. 665. 






>v 



7€0/ 



Sectional area, 52.1 square inches. 

Weight, 143 pounds. 

Oauged length, 150''. 

Average rate of growth, 10 rings per inch. 



^s"^^, 



Pounds j 

Loads I per ICompres- Compres- 
applied. < sqnare ' slon. sionset. 
inch. ! 



Deflections. 



! Pounds. 

; 
26.050 


I 30, 000 
40,000 
50,000 
60, 000 
70,000 
80,000 
81,500 



I Hori- 
I zontal. 




500 


Ineh. 
0. 
.1010 


Inch. 





.0010 









1 




• 








1 





Inch. 

-f .02 
— .07 
-.02 
■ .02 , 
.04 I 
.10 j 
.15 I 

, , .40 1 

1,564 ; 1.15 



Vertl- 
cal,V. 



Inch, 
0. 



Verti. 
cal,£. 



Ineh. 
0. 



— .09 

— .09 

— .09 

— .09 



.1. 



.06 



L 
— !66 j. 



Remarks. 



Ultimate strengtb. 



Failed by horizontal deflection, plus direction. 

Sprung sideways suddenly after passing the maximum load. Rotat- 
ing around vertical edges of ends similar to a post with pin ends. 
Fibers not crushed. 
S. Ex. 1 18 
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No. COG. 






Sectional area, 52 square inches. 

Ganged length, 150". 

Weight, 163 pounds. 

Average rate of growth, 5 rings per inch. 



Loads 
applied. 




26.000 


30,000 
40,000 , 
50,000 
60,000 
70,000 



Pounds 

per Compres- Compres- 
square sion. . siou set 

inch. 



500 



Inch, 
C. 
.0895 



].346 >. 



Deflections. 



Hori- I VertJ- ' Vertl- 
sontal. I oal, W. cal, E. 



Remarks. 



Inch. 



.0004 



/ndk. I Inch. 
a 0. 

. 07 — . 10 



Inch, 
0. 
0. 



.00 i — .10 

.11 I — .12 

.16 —.13 

.28 I — .13 

1.26 I.. • Ultimate strength. 



Failed by horizontal deflection, plus direction. 
When the horizontal deflection reached 3'' the post sprung suddenly 
sideways, rotating around vertical edges of ends. 

Xo. 667. 



^O ISO." 

Sectional area, 61 square inches. 

Gauged length, 150". 

Weight, 228 pounds. 

Average rate of growth, 13 rings per inch. 



Loads 
applied. 



Pound*. 

30, 500 



50.000 

60,000 

70,000 

80. 000 

90,000 

100, OUO 

110,000 

120, 000 

130, 000 

140,000 , 

150,000 

160,000 



Pounds 

per 
square 
inch. 



500 



Deflections. 



Compres- 1 Compres- 
sion. I sion set. 



Ineh. 
0. 
.0505 



Hori- ; 7ert.i- 
zontal. cal, W. 



Verti- 
cal, E. 



Inch. 


' liUh. 


hieh. 


Inch. 




— .03 


.04 


— .04 


0. 





2,623 



— . 05 .08 

— . 07 1 .09 

— . 08 I .10 

— . 09 I .10 
-.10 + .11 

— . 13 .12 

— .15! .15 
—.19 .16 

— .221 .17 

— .30 I .18 

— .87 



- .10 



, 22 



Remarks. 



— . 60 I . 20 ' Ultimate strength. 



Failed by horizontal deflection, minus direction. 
Loads continued gradually increasing the defiection to 3", fibers of 
the stick crushing at the middle and 3J" to 4^1" from ends. 
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No. 668. 




xrafl99 



Sectional area, 65.8 square inches. 

Gauged It-ngth^lSO''. 

Weight, 193 pounds. 

Average rate of growth, 5 rings per inch. 



' Loads ap 
, plied. 



I Poandfl 
perAqnare 
incti. 



CompreA- CompreA- 
aion. ' sionset. 



Deflections. 



Horizontal; ^«^^«»1' 



Vertical, 
E. 



Remarks. 




82,900 

"*"80*o66'| 
70.000 
90.000 
100,000 
110,000 
120.000 
180,000 
140,000 
150.000 
156,300 



500 



0. 
.0622 



Inch, 



Inch. 

0. 
— .05 



Inch. I Inch. 

0. i 0. 
— .03 ' 



2,375 



— .08 

— .10 

— .14 

— .10 

— .10 

— .21 

— .26 

— .32 

— .40 

— .00 



.04 
.05 
.05 
.06 
.07 
.07 
.00 
.10 
.10 
.15 



.00 



.18 



Ultimate strength. 



Failed by horizontal deflection, minus direction. 

Deflections increased to 3". Fibers crushed at a jj:roup of knots 30'' 
from middle, where maximum deflection occurred. Fibers also crushed 
at some knots 3" to 6" from north end. 

No. 669. 




Sectional area, 66.3 square inches. 

Gauged length, 150". 

Weight, 253 pounds. 

Average rate of growth, 5 rings per inch. 



' i>».,n^a ! I t Deflections. 
Lowls ap- ^**"°°" 1 Compres- Compres- . 



' Founds. ' 

I " 
I 33,150 

' 50," boo* 

70,000 I 

90,000 

100,000 

110,000 ' 

120,000 i 

130,000 ; 

140.000 ! 
I.'SO.OOO 
152,800 < 





500 





Inch. 


.0008 



Inch. 



0004 



Inch. 

0. 

0. 



Remarks. 



Inch. 
0. 



Inch. 
0. 



2,297 



.01 
.04 
.05 
.07 
.10 
.1^ 
.18 
.34 
.60 



.......... 


— .02 ' 

— .05 . 


.02 


- .07 ' 

— .(:8 


.03 


_ ,09 ! 


-10 1 


-.10 !. . . . 


-.10 :::.-:.— 


— .10 1 


.01 



Ultimate strength. 



Failed by horizontal deflection, plus direction. 

Fibers cnislied at middle, in the vicinity of some knots. ^ ' 
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No. 638. 
OdK p€icfcing. 



^"^^^i 







O 



*"6«7/« 



.^ti* 



^-A 



o 
'6' 



Preliniinarji iett of the $inglr itickn. 
Stick. , W.ight. I K'SJS.P*" ,ToUa ^ ^yj^ De,.,b. S<f^»"»' «»»^ 



Pounds. 
A 181 

B 134 



Stick. 



A 

B 



Inches, i Inches. Inehe*. '' Sq. inches. Inches. 
180 4.60 11.60 I 52.2 150 

180 4.50 I 11.50 52.2 150 



315 



Loads applied. 



Actual. 



Pounds. 
26.100 
26,100 



Ponodaper 
sq. inch. 



500 
500 



Com pi OH- 
sion. 



Inch. 
.0670 
.0750 



Compros* 
Hion set. 



Inch. 

(?) 

.0002 



Horizontal 
deflection. 



huih. 

+ .02 
— .06 



Test of huilt pott. 



Loads ap- 
plied. 



Pounds. 
10,000 
20,000 
40,000 
60,000 
80,000 
100, 000 
120,000 
140,000 
160.000 
180,000 
200,000 



Deflections. 
I - - - - I Bemarks. 

Horizontal. 1 Vertical, W. | Vertical, E. | 

Inch. Inch. Inch. 

0. 0. 

0. 0. 

— .01 , .02 ' 

— .01 I .02 I I 

— .02 , .02 i 

— .08 ! .02 I ! 

— .03 .02 I 

— .04 .02 

— .05 0. , 

— .05 0. I 

0. —.01 I I Ultimate strength = 1,916 pounds 

per square inch. 



Failed by deflecting horizontally in plus direction. Post changed 
its direction of bending horizontally at 180,000 pounds. 

When the load reached 200,000 pounds, measurement showed zero 
horizontal deflection. It now took a plus direction, which was in- 
creased to +1".50, when the loads were released. 

Under the maximum deflection, fibers of stick B crushed at some 
knots 15" from middle. 
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IS^O. 639. 
Same style of post as No. 638. 



JR ^. 




I^ireetian qf 



J^jtaZ a^lec^i^n. 



Prdimiuary teat of the single sticks. 



|Sttck..AV..ght.,»'j„^,P''--|,T<2^ 



Pounds. 
A I 182 

B I 167 



I 

I Stick. 



A 
B 



Inches. 
180 
180 



Width. 1 Depth. I ^J^^'^ 



Inches. . Inches. 
4. 62 11. 06 

4.49 ! 1L62 



340 



Loads applied. 



Pounds. ! 
26.350 i 
26,100 I 



500 
500 



8q. inches. 
52.7 
52.2 



Ganged 
length. 



Inches. 
150 
150 



104.9 



Compres- ! Gompres- Horisontal 
sion. sion aet I deflection. 



Inch. 
.0645 
.0670 



Inch. 
.0002 
.0004 



Inch. 

- .03 

- .02 



Test of huili post. 



I Deflections. 

I Loads ap- 

pUed. 

I Horizontal Vertical, W. Vertical. E. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

212,000 



Inch. 



Inch. 



0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


.02 


0. 


.08 


0. 


.45 






Remai-ks. 



I 



Ultimate strength = 2^21 
pounds pec square incn. 



Failed by horizontal deflection in minus direction. Crashed fibers of 
stick B at middle. 

The deflections increase rapidly soon after the first indications of 
final failare ap[>ear. 



Digitized by VjOOQIC 



278 TESTS OF IRON AND STKEL AND OTHER MATERIALS. 



^O. G40. 
Same style of post as Xo. 638. 







Stick. 



Weight. 



Poimd*. 1 
131 
168 



Freliminary test of the single sticks. 

Rings per Total wi«Uh n«n«ii Sectional t Gauged 
inchV ! length. ^**'**»- ^•P*^* area. length. 



' Inehet. i Inches. hichet. Sq.inehM. Inchet. ' 
7 180 4.53 11.50 5.25 . 160 

5 I 180 ! 4.52 11.50 .V25 150 | 



T 



10.50 



Loads applied. 



Sticlc. 



I 



Aotoal. 



A 

B 



Poftndg. 
2e,200 
26,250 



Ck>mpTes- ■ Compres- I HoriEontal 
Poundsper I •**>°- Blon set i deflection, 

sq. inch. : 



500 
500 



Inch. 
.1000 
.0955 



Inch. 
.0015 
.0010 



Ineh. 

+ .05 
- .10 



Test of buill post. 



Loads ap- 
pUed. 



Deflections. 



PiHAnds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

149,000 



Horisontal. 


Vertical, 


Ineh. 


Ineh 


0. 


0. 


0. 


0. 


- .02 


0. 


- .02 


0. 


- .02 


0. 


0. 


0. 


.01 


0. 


.18 


0. 


1.20 


0. 



Remarks. 



Vertical, E. 



Ineh. 



I Ultimate strength = 1, 4 10 poands 
per square inch. i 



Failed by horizontal deflection in plus direction. 

Deflections increased rapidly when the maximum load was approached 
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No. 642. 




Preliminary test af single sticks. 



Weight. 



Rings per 
inoh. 



Total 
length. 



Pounds. ^ 

m ! 

806 ' 



179. 98 
179. 98 



Width. 



IneJUi. 
ft. 57 
5.68 



Loads applied. 



Depth. 



Inehss. 
11.61 
1L61 



Sectional 
area. 



Sq. inehes. 
64.7 
64.7 



129.4 



Actual. 



Pounds. 
32,350 
32,850 



Pounds per 
sqnaie inoh. 



:Comprea8ion.!^«°>^"*^°- 



Horisontal 
deflection. 



Crauged 
length. 



Inehss. 
150 
150 



Permanent 
horisontal 
deiieotion. 



500 
500 



Inch. 
.0770 
.0390 



Inch. 

.0006 

- .0007 



Ineh. 


Ineh. 


.07 


0. 


.08 


.05 



Test of built post. 



Loads ap' 
pUed. 



JPounds. 
10,000 
20,000 
40,000 
60,000 
80,000 
100,000 
120,000 
140,000 
150,000 
160,000 
170,000 
180,000 
190,000 
200,000 
210,000 
215,000 



Deflectiona. 



Horizontal. Vertical W. Vertical, E. 



Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.03 
.04 
.06 
.08 
.10 
.11 
.18 
.32 
.72 



Remarks. 



Inch. Inch. 

0. 

0. 

0. 

.01 

.02 

.03 

.04 i • 

.04 

.04 ' ! 

.04 

.04 

.04 , 

.02 

.01 

0. 

— .03 j Ultimate strength. 



Failed by horizontal deflection in plus direction. 
Deflections continued to 1".15 horizontal, the fibers of stick A crush- 
ing in the vicinity of knots 16" and 48" from end. 
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643. 



Same style of post as No. 642. 



B Jl 







PreUminaty test of ike single sticks. 





Weight 


lUngs per | Total Tir<.it>, n«nf i. Sectional 
i^oh. 1 length. ^^^*^- I ^P*»»- area. 


Ganged 
length. 


A 
B 


Pounds. ' Inches. IneJus. Indua. Sq. inches. 
203 17 179.92 5.65 11.61 fi5.6 
189 , 5 , 179.92 5.61 { 11.62 65.2 


Inches, 
150 
150 




892 


; 1 130.8 











Loads applied. 



Actual. 



Pounds per 
square inch, i 

I 



Coinpoession. 



Compression Hori«>nUl ; ^^^^S^ 
set. deflection. deflection. 



Pounds. I 
32,800 
82,600 I 



500 
500 



Inch. 
.0440 
.0600 



Inch. 
0. 
.0008 



Inch. 

.02 

- .02 



Inch. 
- .01 



Test 0/ built post. 



, Loads ap- 
I plied. 



Pounds. 

10,000 

20,000 

40,000 

60.000 

80,000 

100,000 

120,000 

140, 000 

160,000 

180,000 

200,000 

220,000 

280,000 

240,000 

250,000 

255,000 

260,000 

261, 000 



Deflections. 



HorizonUl. : Yertlcal, W. ' Vertical, E. 



Bemarks. 



— -I- 



Inch. 
.0 
.0 

— .01 

— .01 

— .01 

— .01 

— .01 

— .02 

— .02 

— .02 

— .05 

— .07 

— .09 

— .10 

— .15 

— .19 

— .29 

— .46 



Inch. Inch. 

0. 

0. 

.05 

.08 

.10 I 

.12 ' 

.12 

.13 I 

.14 I 

.16 

.18 

.20 

.21 ' 

.22 I 

.25 I 

.25 » 

.29 

.30 I 



Ultimate strength = 1,995 
per square inch. 



Iba. 



Failed by deflecting horizontally iu minus direction and upward. 
The deflection was increased horizontally to l'^20 with changing the 
vertical. 
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No. 644. 
Same style of post as Ko. 642. 



VreUmx'navy test of single sticks. 



S.iek. IVe.«h.. ^f ,ToUJ 

1 ! 


Width. 

Inckst. 
5.60 
5.60 


Depth. SecUonal | Gauged 
^*P^"' area. length. 


i A 

B 


Pounds. Inches, 
tai 7 179.96 
236 7 179. 96 


Inches. Sq. inehet. 1 Inches. 
11.63 1 65.1 ! 150 
11.62 j 65.1 150 


' 


463 




180.2 ' 








1 


1 







,SUck. 



Loads applied. 



I PoondB 
Actual. I per 

I sq. inch. 



Compreii- Coropres- 1 Horizontal 
sion. I sionset. I deflection. 



Founds. 1 




Inch. 


32,550 1 


600 


.0596 


32,550 


500 


1 .0690 



Inch. 
0. 
.0005 



Inch. 



Permanent 
horizontal 
deflection. 



Inch. 
-.02 
— .01 



Test of the built post. 



Loads ap- 


Horizontal. 


Deflections. 




KemarlKS. 


pUed. 

1 


Vertical, W. Vertical, E. 


' Pounds. 
1 10,000 


Inch. 
0. 
0. 
0. 
0. 

— .01 

— .01 

— .01 
• — .01 

— .03 

— .04 

— .06 

— .08 

— .09 

— .10 

— .11 

— .15 

— .20 
-.45 


Inch. 

0. 

0. 

.02 
.03 
.05 


Inch. 


1 20,000 




40,000 




60,000 




80,000 






100,000 


.06 
.06 
.09 
.10 






120,000 
140,000 
160,000 








Ultimate strength = 1,980 | 
pounds per square inoli. 


180,000 


.10 

:}i 

.12 

:JI 

.14 
.13 

.05 




200,000 




210,000 




1 220,000 
I 230,000 





240,000 
250,000 
255,000 
257,800 















Failed by horizontal deflection in minas direction. Crushed fibers of 
stick A 12^' from end, and stick B at middle. 

The fibers crushing in each case in the vicinity of knots. 
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No. 648. 
Swelled white-pine built post. 




End packing blocks, V^ thick. 
Middle packing block, IJ'' thick. 

Preli Miliary test of the nihyle ittirkn. 
isttcl. WelgM. ^^r ;^»^,_ WidlK. Depth. S«.tio».l G.u^jd ^ 





Poundt. 




A 


206 


12 


li 


203 


10 



409 



Inches. Inches. hwhe*. Sq. inrhes ■ Inch^. 
180 S.00 11.72 65.6 loO 

18U 5.61 11.72 6S.6 150 



131.2 



1 


Lottda applied. 


Compres- 
sion. 




iStick. 

1 


Poonds 
Actual. per 

sq. inch. 


Comprc 
sion set 


, A 
1 ^ 


Pounds. 1 
82.800 500 
32,800 500 


Ifieh. 
.0560 
.0700 


Inch. 
.0002 
0. 



Horiisont*! : ^^S^SS* 



Jiuih. 
.19 
.06 



Inch. 
.04 
.02 



Transversely stick A is the stiffer of the two. When the post is 
bolted up, A deflects ".34; B deflects ".41. 

Ttst of biiift peat. 

Deflections. 

Kcinarks. i 



Inch. 



Loads ap- 
plied. 






Horizoutal. 


Vertical, ^ 


Pwiivds. 


Inch. 


Inch. 


10,000 


0. 


0. 


20,000 


0. 


0. 


40,000 


0. 


0. 


60.000 


— .01 


0. 


80,000 


— .02 


0. 


100.000 


— .05 


4». 


120, 000 


— .07 


0. 


140,000 


— .08 


0. 


160.000 


— .10 


0. 


180.000 


— .13 


— .02 


200,000 


— .17 


- .04 


210, 000 


— .19 


-.06 


220,000 


- .21 


— .06 


230,000 


-.23 


— .08 


240,000 


— .23 


— .10 


250,000 


— .19 


— .18 


260, 000 


— .07 


-.25 


288.000 







Ultimate strength. 



:Stick B failed. Fibers crashed at a group of 5 knots 14" from mi4ldie* 
.Size of largest knot, IJ" diameter. 



Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 283 

No. 649. 
Same style of post as No. 648. 




iHrettwrvvf 



jiJk^ ^J' » rrUdbdls. 
Preliminai^ test of the Hngle 8Hck$, 



Rings T«»*i 
Stick. Weight per i^^ijg Width, 
inch. * 



Poundi. InehM. Inches. 

A 187 9 180 5.00 

B 184 4 , 180 6.61 



371 



Depth. 



InehtM, 
1L71 
11.74 



Sectional GauKed 
area. length. 



Sq. ineihet. 
66.6 
65.9 



Ineh€$. 
150 
150 



131.5 



I- 
Stick.. 



Loads applied. 



I 



Actual. 



Found». 
82,800 
32,950 



! Compres- Compres- 1 Horisontal 
Pounds ' 8 ion. | sion set. | deflection. 

per ! 

sq. inch. I I 



Permanent 
horizontal 
deflection. 



500 
500 



Inch, 
.0600 
.0705 



Inch. 
.0002 



I 



Inch. Inch 

— . 19 — . 03 
.84 I .05 



Test of the built post 
Trausversely when the post is bolted up. 
IS B d£S ''M. ] Mid^l« »>«»* has washers 4" diameter. 







Deflections. 


Loads ap- 






plied. 


, 


• 




Horizontal. 


Vertical, W 


Pounds, 


1 Inch. 


Inch, 


10,000 


I 0. 


0. 


20.000 


0. 


0. 


40.000 


.01 


.01 


60,000 


.02 


.02 


80,000 


.02 


.02 


100,000 


.02 


.05 


120,009 


.02 


.08 


140,000 


.02 


.09 


160.000 


, .02 


.10 


180,000 


0. 


.11 


200.000 


0. 


.12 


210.000 


- .01 


.14 


220.000 


- .02 


.16 


230.000 


- .02 


.16 


240,000 


i - .06 


.18 


250,000 


- .06 


.18 


260.000 


- .10 


.20 


266,000 


- .15 


.21 


270,000 


- .25 


.22 


275,000 


- .88 


.24 


277,000 


AVt- . 80 


.24 



Kemarks. 



Inch. 



Ultimate strength = 2,107 
pounds per square inch. 



Failed by horizontal deflectioD, minus direction. 
Fibers of stick A crushed at middle of post. 
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No. 050. 
Same style of post as No. 048. 

^^ oirectian. tf /mat ^ 




ctt mtds. 



rreliminarif ieni of the sivgle sticks. 



w w«i.»i.t Kings per ToUl 



A 
! B 



Pounds. 
194 
190 



12 
9 



length. 



Inches. 
180 
180 



Width. 



Depth. 



Sectional Ganged 
area. length. 



Itiehes. I Inches. Sq incheM. Inches. 
0.61 11.75 6&9 150 

5.61 11.71 65.7 150 



384 



131.6 



Loads applied. 



Actual. 



Pounds. 
A 32, 050 

B 32,850 



I Pounds per , 
aqaareinch. 



Comprc««lon.|C<"»Pir"*<»° 



HorUonUl I r^™;-' 



500 
500 



Jnch. 
.0530 



Inch. 
0. 
.0008 



deflection. 



Inch. 

- .22 

.17 



I dotiection. 



Inch. 

- .04 
.04 



When bolted together stick A deflected ".32. 
When bolted together stick B deflected ".43. 

Test of the built post. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100.000 

120,000 

10,000 

50,000 

100,000 

120.000 

140, 000 

160,000 

180.000 

200,000 

210, 000 

220,000 

230,000 

240,000 



Deflections. 



Horizontal. Vertical, W. Vertical. E. 



I 



Inch. 
0. 
0. 

- .01 

- .04 

- .05 

- .06 

- .07 

- .01 
+ .02 
+ .06 
4- .08 
4- .09 
+ .10 



.12 
.15 
.20 
.21 
.26 
.31 



Inch. 

0. 

0. 

.01 
.02 
.04 
.04 
.05 



+ . 



Inch. 



Remarks. 



Post rotated orerhalf raToliition. 



Ultimate strength = 1,824 
poands per square Inch. 



Failed by horizontal deflection, stick B being on the concave side. 
Fibers of each stick cnished at middle in the vicinity of some knots. 



Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 285 
Ko. 645. 




'^^,=^!fipao^ 



^>^^: 



Oak packings Jet into each. stick %". 

Preliminat'tf test of the single sticks. 



'i ^^0Af,ht \ KlnjP* per ! Total 
I r weight. ^^^y^\ i^^^,,_ 



round*. 
A 216 

B 26« 



Itiehat. 
179.97 
179. 97 



width. D,pth. ; s^^2™' : «»»^. 



Inches. 
5.59 
5.60 



Inches, i Sq.ihehes. Inches. 

11.59 i 64.8 150 

11.60 ; 06.0 I 150 



.1 



I 



481 



129.8 



Loads applied. 



Actual. 



Pounds. 
A I 32.400 
B 32,500 



Poands per 
{ square inch. , 



Compression. jC«°>Pr?"^«'' 



Horisontal 
deflection. 



Permanent 
horizontal 
deflection. 





Inch. 


Jrwfc. 


Inch. 


Inch. 


500 


.0560 


.0006 


-.02 


0. 


500 


.0540 


0. 


.02 


0. 



I^ads ap- 
plied. 



Test of the huill post. 



Deflections. 



i 



Horizontal. | Vertical, W. ' Vertical, E. 



Kemarks. 



Pounds. 

10.000 

20,000 

40,000 

60,000 

80,000 

100, 000 

120,000 

l'IO,000 

160,000 

180,000 

200.000 

210, 000 

220,000 

230,000 

240,000 

250, 000 

260,000 

263,200 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.01 
.01 
.01 
.02 
.05 
.10 



Inch. 
0. 
0. 

.01 

.02 

.02 

.02 

.01 
".01 

.01 
0. 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 



Inch. 



I Ultimate strenjrth = 2,028 pounds' 
! per square inch. ' 



Failed by horizontal deflection in plus direction. 

Fibers of both sticks crushed at middle, where bolt passes through, 
and where the sticks are farther weakened by cutting away 3" of wood 
to receive packing block. 
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No. 6iG. 
Same style of post as No. 045. 




/YjiiJtl fZfftuctUm, . 



Preliminary test of the eiiigle stickH. 



Weight. 



Rings per Total 
inch. ' length. 



I 



I Poundt. 
A I 206 
B 204 



6 
12 



Inehet. 
180 
I 180 



Width. 



Inehet. 
5.60 
5.00 



-n«nti. Sectional , Ganged | 
Depth, j ^^^^ \f^T^. 



410 



Inehet. I Sq, inches, , Itichet. 

11.61 I 64.9 150 

11.62 65.1 150 



130.0 



Loads applied. 



Actual. 



Pounds per i 
I square inch. 



:Compre««lon..Co«"Pression 



Pound*. 
32,450 
32,550 



500 
600 



Inch. 
.0488 
.0620 



Inch 
0. 
.0005 



Horizontal 
deflection. 



Inch. 

0. 
- .02 



Permanent 
horiaontal 
deflection. 



Inch. 

— .01 

— .01 



Test of the huilt poet. 



Loads ap< 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,060 

80,000 

100, 000 

120,000 

140, 000 

160,000 

180,000 

200,000 

210, 000 

220,000 

230,000 

240.000 

249, 000 



Deflections. 



I 1 

Horixontal. | Vertical, W. Vertical, E. 



Kemarks. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .01 

— .02 



— .07 

— .11 

— .20 

— .42 



Inch. Inch. . 

0. ; 

.02 , .:...! 

.05 I ; 

.06 j 

.07 ' 

.07 

.07 

.08 

.08 

.08 

.08 

.08 

.08 

.08 

.07 

.02 Ultimate streugtb = 1.915 lbs. 

per square inch. 



Failed by horizontal deflection in miinis directiou. 

Tbe post took a sliaq) bend at tbe middle, crushing the fibers of stick 
B, and splitting stick A at tbe middle packing block-. 

Stick A crushed the fibers 10" from end in the vicinity of knots. 

During the preliminary test of tbe single sticks an end section (2" 
X ll".Gl) beyond tbe notched recess for i)acking block was accidentally 
split off. Tbis piece was nailed on again. It i)assed through the test 
without disturbance, sbowing tbat it carried very little shearing load 
when tested in this manner between flat ri<»id i)latforms. 
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No. 647. 
Same style of post as No. 045. 



J&"p^;i jDuectLon. €f 






Preliminary test of the single sticks* 



J Weight. 



KingBper 
inch. 



l-X , WMth. Depth. , S*^"" I fSS? 



length. 



' Pounds, I 

A I 192 ' 
B I 492! 



11 
13 



Inches, 
180 
180 



Inches. Inches. 
5. 62 11. 62 



5.62 



1L62 



ares. ' length. 



Sq, inches. Inches. 
6.*;. 3 , 160 
65. 3 I 150 



130.6 



Loads applied. 



Actual. 



Pounds. 
32.650 
32,650 



Permanent 



I Pounds per 
square inch. 



500 
500 



.C<».p,e,Mo„. Co-.Pr-.~l H.HJ0BU1 ^^^^^S 



Inch. , Inch. 
.0630 .0006 

. 0700 I . 0005 



Inch. 
0. 
.08 



deflection. 



Inch. 

— .01 

0. 



Pounds. 
10,000 
20,U00 
40.000 
60,000 
80,000 
100,000 
120.000 
140,000 
160,000 
180,000 
200,000 
210, 000 
220,000 
230,000 
240, 000 
248,000 



Test of the built itost. 
Deflections. 



Loads ap- . 
plied 



I HotiKontal. ' Yertical, W. 



Inch. 
0. 
0. 
0. 
0. 

— .02 

— .05 

— .06 

— .07 

— .10 

— .11 

— .15 

— .19 

— .20 

— .26 

— .35 

— .72 



Inch. 

0. 

0. 

0. 

0. 

.01 
.01 
.02 
.08 
.05 
.06 
.08 
.10 
.10 
.11 
.12 



Yertical, £. 



Inch. 



Kemarks. 



.15 ! i ritimate strength = 1,899 

pounds per square inch. 



Failed by borizontal deflection in minus direction. 
Stick A split fibers at middle. 
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No. 678. 




PreHminary test of the single aticks. 





Weight. 

Pounds. 
251 
215 


Rings per ' 
inch. i 

- 1 

16 
8 


TotaJ 
length. 

Inches. 
179.94 
179.94 


Width. 

Inches. 
5.58 
5.57 


Depth. 


Sectional 
area. 

1 Sq. inches. 

64.0 
' 63.8 


Gauged 1 
length. ' 


A 
B 


Inches. 

11.47 
11.45 


Inches. ! 
150 
150 




466 










127.8 


...1 < 




1 











B I 



Loads applied. 



Pounds. 
32,000 
31,900 



^^- \l^i^l' 



- r^ t Compression Horizontal P«™an«nt 

Compression. ^«™P«»»> " d^fllSSST ' borlsontal 



Inch. 
^.00 .0529 

500 I . 0642 



Inch. 
0. 
.0005 



Inch. 

0. 
— .07 



deflection. 



Inch. 
0. 
.01 



Test of the hHilt post. 



Loads ap- 




Deflections. 




Ultimate 
poands 


Remarks. 


plied. 

Pounds. 
10,000 
20,000 
40 000 


Horisontal. 

Inch. 
0. 
0. 

— .01 

— .03 
-.05 

— .06 

— .07 

— .09 

— .10 

— .18 
-.16 

— .21 

— .27 

— .36 

— .57 


Vertical, W. 

Inch. 
0. 

1 =:!g 

— .03 

— .04 

— .05 

— .05 

— .06 

— .07 

— .08 

— .09 

— .10 

— .10 

— .11 

— .14 


Vertical, E. 

Inch. 
0. 







60,000 






80,000 






100.000 
120,000 


:hi"" 




140.000 






160,000 






180,000 






200.000 
220,000 


.16 


. 


230.000 






240. 000 






245. 500 




strength = 1,921 
per sqaare inch. 



Failed by horizoatal deflection, minus direction. 
Fibers crashed near the south end of post at some knots. 
Stick A fa led 8" from end, stick B 2" from end and at bolt-holes, 
which were bored alongside a knot. 
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No. 679. 
Same style of post as No. 678. 




^±'SfMM». 



Preliminary te$t of the single sHoke. 



A 
B 


Weight. 


Binge per 
ineh. 


Total 
length. 


Width. 


Depth. 


Seotional 
area. 


Qanged 
length. 


Poundi, 
200 
100 


12 

7 


Inehet, 
180 
180 


Inchet. 
5.62 
6.62 


Inchet. 
1L76 
1L72 


66.1 
66.0 


InOiet. 
150 
150 




»» 1 










182.0 




1 -" 1 
















M 


Loads applied. 


Compression. 


Compression 
set. 


Horisontal 


Peimanent 
defleotion. 


ActuaL 


■ 

Ponnds per 
square inch. 


A 
B 


Poundi, 
33,060 
32,060 


600 
500 


Ineh, 
.06M 
.0701! 


t 


Inch, 
.0010 
.0003 


.06 
— .05 


Indi, 

0. 
— .01 



Test of the built pott. 



Loads ap. 
plied. 


Defleotions. 


Remarks. 


Horisontal. 


Vertical, W. 


Yertioal, E. 


Poundt, 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

210, 000 

220,000 

230,000 

240,000 

240,000 


Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 


Inch. 

0. 

0. 

0. 

0. 

.01 

.01 

.02 


Ineh. 
0. 
















.04 




0. 1 .04 
0. 1 .06 
0. : .05 
0. 1 .06 
.01 I .07 
.01 , .07 
.02 .08 
.02 .08 
.05 1 - 08 




Ultimate strength =1,886 lbs. 
per square Inch. 




.10 

















Stick A failed at bolt-holes. Stick B failed at bolt-holes and 
groap of knots 12" from bolt-holes. 
S. Ex. 1 19 



at a 
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Fo. 680. 
Same style of post as No. 678. 




X'&pace. 

FrAiminary tat of the HngU iticka. 



1 


Weigkl 


inch. 


Total 
length. 


Width. 


Depth. 


area. 


Ganged 
length. 


A 
B 


PlMMUtt. 

988 

278 


8 
8 


Incket. 
180 
180 


Inehet, 
5.60 
5.01 


Inchst, 
11.72 
1L78 


06.0 
0&8 


Inchet. 

150 
160 


546 










13L4 
















1 


Loads appUed. 


GompressioB. 


Compression 
set 


Horisontsl 


Pennanent 
delleotioB. 


AotiuJ. 


Pounds par 
square inch. 


A 
B 


Pottndt. 
82,800 
32,900 


500 
500 


Inek. 
.0060 
.0496 


Inch, 

.0009 
0. 


InOL 

— .08 

9. 


JffMft. 

0. 
-.08 



UMi </ tibe hmUpoH. 



Loads ap. 
plied. 


Deflection. 


Bemarks. 


HoiisontaL 


Vertioal,V. 


Tertioal,B. 


PoiMMlf. 

10,000 

20,000 

40.000 

00,000 

80,000 

100,000 

120,000 

140,000 

100,000 

180,000 

200,000 

910,000 

220.000 

1 230,000 

240,000 

260,000 

200,000 

270,000 

278,000 


InOL 
0. 
0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
9. 

— .01 

— .02 


Inch. 
0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch. 
0. 


Ultimate strength s= 2,110 lbs. 
per square inch. 








0. 








.05 























Stick A failed at knots 40^' and 66^' from end. Stick B failed at knots 
12^' from middle. 
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No. 663. 




^^Spa^efOfn^, 




End packing blocks let into each stick i". 

Preliminarjf te$t of the tingU sticks. 






A 
B 


Weigbt. '^^JJS.r . 


Total 
length. 


Wi4 


Ith. 

Am. 

BO 

B8 


Depth. 


area. 


Oangrd 
leiigth. 


Pounds. 
280 

208 


14 



IneKss. 
180 
180 


Inc 
5, 
6. 


Inches. 
11.76 
11.75 


06.8 
08.2 


IndiMS. 
160 
160 


488 






I 


182.0 








• 










Loads applied. 


Compreedon. 

• 


■et. 


HorlMBtal 
daflMtlOB. 


hoiS^talda. 
fleetioB. 


A 
B 


ActaaL 

Pounds, 
82,800 
33,100 


i Rmdsper 

1 MiaMvincb. 


1 500 


Ineh. 
.0821 
.0667 


Ineh. 
.0006 
.0010 


Inch. 

.02 

— .00 


InOi. 

— .01 

0. 



Teit of the built jfoat 

Tested with uneven bearings. 

Yellow-pine strip ".1 thick placed behind north end of stick A. 
Same amount of packing placed behind south end of stick B. 



Loada ap- 
plied.^ 




Bcmarka. 


HorteontaL 


Vertloal,W. 


yertioal,B. 


Pounds. 
10,000 
20,000 
88^000 
48^008 
80.000 
88^000 
100^008 
120; 000 
140 000 


InOL 
01 

- .01 

- .08 

- .08 

- .04 
-.06 

- .06 

- .06 


Inch. 
Oi 
Oi 
Ol 

a 

0. 

0. 

0. 

0. 

0. 

0. 
+ .01 
+ .01 
+ .01 
+ .01 
+ .01 

.02 
.02 
.02 

- .01 

- .02 

- .06 


Ineh. 
Ol 


Xnda not packed cama to ftall 
htttflnf. 

Ultimata atTeikgth=2,278poimda 
peraqnara moh. 












- .01 


lOoloOO - .06 
180,000 ~ .06 
200,000 -.05 
210 000 ^^ 






- .06 


220,000 
280,000 
240,000 
260,000 
200,000 
270,000 
280.000 
280,000 
800,000 


- .08 

- .01 
0. 

+ ;18 

.00 
.02 

- .01 

- .21 








- .07 




- .07 







Final deflection took place in minus horizontal direction. Loads were 
continued after passing the maximum till the horizontal deflection was 
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increased to — I'MO, developing lines of failure by crashing the fibers 
at the notched ends of stick A. 



No. 676. 



^^a x^ 



^^; 



-*^^^^^7,ac*dv. 




\M9JKtckS^ 



Preliminary teat of the single etioke. 



A 
B 


Weight. 

P&undt, 
201 • 
184 


J 


tings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
len^ 


12 
6 


Inehst. 
179.94 
179.94 


5.60* 
6.61 


Inehsi. 

11.71 

11.73 


Bq, inehet. 
66.6 
65.8 


Inehee. 
150 
160 


385 










131.4 




















Loads applied. 




ssion. 


Compression 
•et. 


Horiiontal 
deflection. 


Permanent 

horiiontal de. 

flection. 


Actual. 




Pounds per 
square inch. 


Compre 

Ine 
.06 


A 


Poundt. 
32,800 
32.900 




500 
500 


Ii. 
80 
98 


Ineh, \ Ineh, 
.0003 ! .06 
0. 1 - .05 


Ineh, 
.01 
0. 



Teat of the huiltpoat. 

Tested with uneven bearings. 

Strip of yellow pine '^22 thick placed behind north end of stick A. 
Same amount of packing placed behind south end of stick B. 



Loads ap- 
plied. 

Pounds. 
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
80,000 
100,000 
120,000 
140,000 
160,000 
180.000 
200,000 
220,000 
230,000 
240,000 
260.000 
260,000 
270,000 
274,500 


1 Deflections. 


Remarks. 




1 
HorizontaL 


Vertical, W. 


Vertical, E. 




, Ineh. 

' -'•:«6 

i -.10 

- .12 

- .12 

- .12 

- .11 

- .09 
1 - .08 

- .07 

- .06 

- .06 

- .04 

= (S 
' -:o6 

- .06 

- .09 
1 - .10 

- .11 

1 


Ineh, 
0. 

-U .01 


Indi. 
0. 


North end of stick B naohed a 
ftill bearing at26^ 000 pounds. 

Sputh end of stick A reached a 
bearing at 83. 000 pounds. . 

UlUmateatrength=:2,089 pounds 
per square inch. 






-.01 
-.01 
-.01 
-.02 
-.03 
-.06 

.Ofi 












1 




- .04 




.10 
.11 
.11 
.11 
.11 
.10 
.10 
.10 
.08 
.08 


i 




1 




1 




1 -.06 






1 










1 



Failed by crushing the fibers of stick A at notch 12'' from south end 
and at the middle. 
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No. 677. 
Same style of post as No. 676. 




j."sp€tce. 
Prdiminarif te$t of ih^ Hngle sUeks, 



i 



Weight 



SisSB per | Total 
Inch. ; length. 



Pounds. 
186 
196 



I Ineheg. 
180 

j 180 



Width. 



Inehsa. 
6.61 
6.58 



878 



Depth. 



SectioDftl 



11.72* 
1L72 



8g. ii 
66.7 
66.4 



181.1 



Ganged 
length. 



Incha. 
160 
160 



Loads applied. 



ActnaL 



Pounds. 
82,850 
32,700 



Ponndt per 
sqnaxe inch. 



CoinpreasioD. 



Compreeaion 

set. 



600 
600 



Inch. 
.0651 
.0626 



Ineh. 
.0004 
.0006 



SSuSSif^ 'hoiSSSlde. 
deflection. flection. 



Inch. 

.07 

- .06 



Inefu 
0. 



Test of the built post 

Tested with uneven bearings. Yellow- pine stick ^'.32 thick placed 
behind north end of stick A. Same amoant of packing used behind 
south end of stick B. 



Loads ap- 




Kemarks. 


plied. 


HorlaontaL 


Vertical. W. 


Vertical, E. 


Potmds. 

' 10,000 

20,000 

30,000 

40.000 

50,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160.000 

180,000 

200.000 

220,000 

240,000 

250,000 

256,000 


Ineh. 
0. 

- .01 

- .06 

- .07 

- .07 

- .07 

- .06 

- .08 

- .01 

- .01 
0. 

0. 
0. 
0. 

- .01 

- .02 
.16 


Inch. 
0. 1 
.01 

.04 1 
.04 

.08 1 
.08 

.03 ' 
.03 
.08 
.04 
.02 
.04 
.04 
.04 
.04 
.04 
.07 


Inch. 
0. 


Ultimate 8trength=l,946pounds 
per sqnare inch. 






.02 




















.07 





Stick A failed at a group of knots 15^' from end. 
Stick B failed at knots 4^' from end : also fibers crushed whi're the 
stick was notched to receive packing block. 
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No. 690. 




_i^^ 



^^< 



^b. 









PrettmiiMiry U»% of the single Hieks, 



1 


Weight. 


RIngt per Total 
inoh. length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


A 
B 
C 


Pounds. 
176 
226 
IW 


Inches, 
18 180 
11 180 
18 180 


4.68' 

6.66 

4.46 


11.62' 
11.70 
11.62 


62.6 
66.0 
61.6 


Inches. 
160 
160 
160 




MM 


1 






160.8 




— 


I 


















1 




n^^. 




Horixontal 
deflection. 


Pennaaent 
hoiiaontal 
deflection. 


Actual. 




1 Compre 
Pounds per 
square inch. 


ssion. 


set. 


A 
B 



Pounds. 
26,260 
32,600 
26,000 


1 Inch. Inch, 
500 1 .0460 0. 
500 1 .0680 .0006 
600 j .0480 1 .0008 


Inch. 

.18 

— .02 

.20 


Inch. 

.01 
0. 

.02 



Teat of the built po$t. 



Loads ap- 
plied. 




Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 


20.000 
40,000 
60,000 
80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300,000 
310,000 


Inch. 
0. 

— .04 

— .07 
-.06 

— .06 
.05 
.04 
.03 
.02 

0. 
0. 

— .02 

— .06 

— .12 

— .32 


Inch. 

0. 
.01 
.08 
.03 
.05 
.05 
.06 
.07 
.08 
.00 
.10 
.11 
.11 
.12 
.16 


Inch. 

. 0. 


Ultimate strength = 1,831 lbs. 
per square inch. 









.06 




.08 















Stick A failed at a knot 5^" from the end of post. 
Stick B failed at a knot 33^' from the end of post. 
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Same style of post as "So. 690. 



C B A 




1" spaces. 



Frelminary tevt of the tingle «<M». 



M 


WeiRbt. ^«^P- 


Total wicUli 
length. 1 ^'**'''' 


Depth. 


Sectional 
area. 


^S!^ 


A 
B 
C 


Ptmnds. 
184 
197 
159 


9 
14 
12 


Inches. Inches. 
179.98 4.48 
179. 96 6. 68 
179.98 4.45 


Inches. 
1L80 
11.80 
11.61 


62.0 
84.6 
61.7 


Inches. 
150 
160 
160 


520 


1 




16a 2 




i 












A 
B 
C 


Loads appUed. 








Hotiaontal 
deflection. 


Permanent 
horiiontal 
deflection. 


Actoal. 


PonndB per 
square inch. 


Compression. 

Inch. 
.0626 
.0430 
.0390 


Con^lTVNMUU 


Pound*. 
28,000 
82,260 
25,860 


500 
500 
500 


Inch. 
.0010 
.0002 
.0002 


Inch. 
— .15 
0. 
.01 


Inch. 

0. 
— .01 
.01 



Test of the built post. 



Loads ap- 






pUed. 


Hori2 


wnta] 


Pounds. 


Inch. 





( 


. 


20,000 


C 


. 


40.000 


— 


.01 


60,000 


^ 


.02 


80,800 


— 


.02 


100,000 


— 


.03 


140,000 


^ 


.04 


180,000 


— 


.06 


200,000 


— 


.07 


220.000 


— 


.07 


240,000 


— 


.08 


260.000 


— 


.00 


280,000 


— 


.10 


300.000 


~- 


.11 


310.000 


-_ 


.14 


320.000 


_ 


.16 


330,000 


—. 


.17 


340,000 


~- 


.20 


360.000 


— 


.21 


380.000 


.— 


.28 


372,500 




.50 



Deflections. 




Bemarks. 


Vertical, W. 


Vertical, B. 


Ineh. 

0. 

.02 
.08 
.03 
.02 
.01 
.01 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.03 


Inch. 
0. 


UlUmate strength = 2,215 lbs. 
per square inch. 








.07 




.w" 














.•.. 















Stick A crashed 22" from middle. 

Stick O crashed 8^' from middle, both failares occarring in 
vidnity of knots. 



the 
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No. 692. 



Same style of post as No. 690, except two outside sticks got out of 
&'X12^' timber, middle stick got out of 5''xl2'' timber. 



c B 




a." spaces 

Frtiimxnary teat of the single etioka. 



Weight 



Pounds. 
248 
153 
218 



614 



""Sir 



18 
12 
5 



Total 
length. 



Width. I Depth. 



SectioDftl 



Gauged 
len^. 



Inehet. 
177.25 
177.25 
177.25 



Inches. \ Inehes. 

5. 62 i IL 60 

4.60 11.60 

5. 60 I 11. 67 



Sq. inches. 
65.2 
52.2 
64.8 



Inches. 
150 
150 
150 



.1 182.2 



Loadi applied. 



Aotnal. 



Pounds. 
82,600 
26,100 
32,400 



Poands per 
square inch. 



500 
600 
500 



CompreB8ioii.'Co°>Pf«»«on 



Horiflontal 
deflection. 



Inch. 
.0580 
.0641 
.0768 



Inch. I Inch. 

.0001 f .06 

.0006 I .08 

. 0012 — . 06 



Permanent 
horizontal 
deflection. 



Inch. 
.01 
.01 

0. 



Test of the built post. 



Loads 
applied. 


Deflections. 


Remarks. 


Horisontal. 


Vertical, W. 


Vertical, K. 


Pounds. 


20,000 
40,000 
60.000 
80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
800,000 
810,000 
820,000 
880.000 
840,000 
860,000 
860.000 
868,000 


Inch. 

0. 

0. 

0. 
.01 
.01 
.01 
.01 

0. 

0. 
.01 
-.02 

— .04 

— .05 

— .07 

— .08 

— .07 

— .07 

— .09 

— .11 

— .18 

— .80 


Inch. 

0. 

0. 

0. 

0. 
.01 
.03 
.06 
.00 
.09 
.10 
.10 
.11 
.12 
.12 
.13« 
.16 
.19 
.20 
.21 
.21 
.21 


InOL 
0. 










.05 




— .16 








-.15 




-^27 










Ultimate strengths 1,902 pounds 
per square inch. 





Stick G failed at a knot 1^^' diameter, 10^^ from middle. 
Stick B failed at a group of knots 8^' from middle. 
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No. 687. 
Swelled Post. 




^^^" 






H^'^Mtf. 



© 






r^ 



\;0 



r^ spaces at ends. 
H" spaces at middle. 



Preliminary test of the single eticke. 



i 

A 
B 
C 


Weight. »»^hr 


Total 
length. 


I 


ridth. Depth. 


Sectional 
area. 


Gauged 
length. 


Pound*. 

161 11 ' 
218 8 
167 9 


IfUhet. 
180 
180 
180 


nOut. 
4.50 
5.58 
4.52 


Inelu$. 
11.60 
1L62 
1L50 


Bq.inchu. 
52.2 
64.8 
52.4 


Jn6h«$, 
150 
150 
150 


586 




...J ...1 


160.4 










i 








1 


Loads 


applied. 


i 
Compres- 


set. 


Horisontal 
deflection. 


Permanent 
horisontal 


ActaaL 


Pounds per 
sqhareinoh. 


sion. 




A 
B 
C 


Pound*. 
26,100 
32,400 
26,200 


500 
500 
500 


JfMfc. 

! .0460 
.0587 
.0583 


1 
0. 


0007 
0008 


-.27 
.02 
.25 


Inch. 
0. 
0. 
.02 



Test of the huilt post. 



Loads ap- 
plied. 



Deflections. 



Horizontal. Yertioal, W. Vertical. E. 






Poundt. 


20,000 
40,000 
60,000 
80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
800,000 
320,000 
825,500 



Jneh, 


.02 
.01 
.01 
.01 
.01 
0. 
0. 

— .01 

— .01 

— .04 

- .06 

- .08 

— .10 

- .21 

- .34 



1 



Inch, I Inch. 

0. , 0. 

. 08 I 0. 

.04 

.0* i 

.06 I 

.07 I .08 

.08 

.08 

.08 .05 

.08 

.07 ! 

.08 ] 

.10 

.06 i .07 

.09 I 

.09 



Remarks. 



Ultimate strength = 1,919 
* pounds per square inch. 



Fibers of stick A failed at a knot 12'^ from middle, 
fibers at a knot at middle of post. 



Stick crushed 
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298 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 688. 
Same style of post as No. 687. 



C. B. Jk. 




Ihrectiint of 
Jinul Se/Tectiarh. 



2"apaces at ^nds. 
2H' » ,f wnidOie. 

Frtliminary teit of the Hugh stickB. 



Stick. 


Weight. 


Siii«8 
per 
Inch. 


Total 
length. 


Width. 


Depth. 


SeetioDAl 
area. 


Ganged 
len^. 


A 
B 
C 


P«VfUlt. 

176 
286 
168 


10 
10 
11 


Inehst. 
180 
180 
180 


JnMM. 
4.60 
6.62 
4.60 


InehM, 
11.60 
11.60 
1L60 


62.2 
66.2 
62.2 


InehM. 
150 
150 
160 


575 




1 




160.6 








1 









Loads applied. 




SUok. 


Actual. 


Ponndfl 

per 
sq. inch. 

500 
500 
500 


Compre 
aion. 


A 
B 



Poundi. 
26,100 
82.600 
26,100 


Ineh. 
.0666 
.0646 
.0708 



Compres- 
sion set. 



Horisontal 



Permanent 
horisontal 
deflection. 



IfUih, Inch. 

.0002 —.29 

0. — . 10 

.0006 I .20 



Inch. 

— .61 

- .01 
.06 



Te8t of the built post. 



Loads ap* 
pUed. 


Deflections. 


Bemarks. 


Horisontal. 

Inch. 
0. 
0. 

0. 


Vertical, W. 


Vertical, E. 


Povndi. 


20,000 
40,000 


Inch. 

0. 

0. 

.02 
.05 
.06 
.07 
.08 
.06 

Ofi 


Inch, 
0. 


Sticks A and B haye poor ap- 
pearance ; color of wood daJL 
UMess. Sticks contains 15 
knots from |" to l^'' dtameter. 




60.000 1 6. 

80^000 ' 0. 
100.000 , 0. 
140,000 . —.01 
180.000 —.01 
200. 000 — ■ 02 






— .08 






220. 000 — . 03 ' .08 




240,000 
260,000 
280,000 
800,000 
306,000 


-.04 ' .08 
-.06 , .08 
-.10 1 .06 
-.21 1 .06 
— . 40 .06 














1 




Ultimate strength = 1,804 
pounds per square inch. 




' 





Failed by horizontal deflection, minus direction, 
knot at middle. 



Stick B failed at a 
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No. 689. 
Same style of post as Ko. 687. 







Prtliminarif te$t of the single sHoke. 






Stiek 



Weight. 



PouNdf. 
188 
203 
159 



^f I l5Sb. I ^«t^- I »•?*»>• 



7 
11 
9 



180.06 4.48 

180. 06 6. 00 

180.06 4.46 



11.00 
11.82 
11.57 



Sectional 
area. 



62.0 
86.1 
61.6 



Gauged 
leni^h. 



JtmAm. 
158 
160 
150 



650 



•I- 



Loads applied. 



Stick. 


Aotaal. 


A 
B 
C 


PottfuU. 
28,000 
82,660 
26,800 



Poimda 

per 
sq. inch. 



Compree- 
eion. 



I Inch. 

600 ! . 0610 

600 I .0880 

600 .0780 



iMh. 



.0016 



18&7 



Compree- Horisontal 
Bionset. I defle^on. 



Inch, 

— .08 

— .10 
.26 



Permanent 
horisontal 
deflection. 



Iiuh, 
0. 
0. 
.04 



Test of the huilt post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


HorisontaL 


Vertical, W. 


Vertical, B. 

Inch. 
0- 
0. 


Pound*. 


20.000 
40,000 
80,000 
80,000 
100,000 
140,000 


IndL Inch, 
0. 0. 
.06 > .02 
.06 ' 1 -04 


Stick G has 20 knots in it from 
r' to ir diameter. 

Ultimate strength ^ 2,016 
pounds per square inch. 


.M 
.04 

■z 


.06 
.06 
.00 
.07 
.00 






- .07 


180, 000 oa 




200,000 
220,000 
240,000 
200,000 
280,000 
800,000 
820,000 
840,000 


.01 .10 

.01 1 .11 

0. 1 .11 

0. ! .11 

-.01 ' .12 
.01 .12 

— . 04 f - 14 


- .10 








—.18 


— .14 


.16 









Sustained maximum load 3 minutes, increasing horizontal deflection 
from -'M4to -".60. 
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No. 681 




Frehminarjf tett of the single sticks. 



Stick. Weight. 

1 


Rings 
per 
inch. 


1 

Total 1 ^M^u n«n»h 1 Sectional 
length. 1 ^"***' ^«P^**' I area. 

• 


Gauged 
leni^. 


1 Pounds. 
A 193 
B 192 
C 146 
D 157 


1 Inches. 
5 j 179.95 
5 179.95 
9 1 179.95 
9 . 179.95 


Inches. 
4.47 
4.52 
4.48 
4.51 


Indies. | Sq.in^es, 
11.80 5L9 
11.05 52.7 
11.05 1 52.2 
11.05 1 52.5 


Inches. 
150 
150 
150 
150 


088 


: ' 200.a 













Loada applied. 



Stick. 



A 
B 
C 
D 



, Compree- Comprea- 
I Poanda [ sion. aionset 
Actual. per I 
I sq.inoh. 



Pounds. Inch. Inch. 

25,950 500 .0700 .0008 

20.850 500 .0714 .0008 

26,100 500 .0531 .0004 

26,250 ; 500 I .0782 .0006 



Horiiontal 
deliectiou. 



Inch. 

-.04 

.00 

— .12 

0. 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 
0. 
.01 



Test of the huilt post 



Loads ap- 
pUed. 


Loada 

per 
square 
inch. 


Compres- 
sion. 


Compres- 
sion set. 


D 

Hori- 
KontaL 


eflections. 


Remarks. 


Verti- 
cal, W. 

Inch. 
0. 


Verti. 
cal. E. 


Pounds. 


104,660 

20,000 

40,000 

60,000 

80.000 

100,000 

140,000 

180,000 

200,000 

240.000 

280,000 

800,000 

840.000 

850,000 

860,000 

868.000 




500 



Inch. 
0. 
.0675 


Inch. 1 Inch. 


Inch. 
0. 


150" on stick A. 


0. 




1 




0. 
0. 


.02 ' 






1 


.05 
.06 
.07 
.08 
.09 
.10 
.10 

.10 


'-Vot'; 









0. 
0. 
0. 
0. 


























— .01 


— *."06' 
■— .'06* 
........ 


Ultimate strength. 








— .02 

— .05 














— .08; .10 

-.101 .11 

— . 18 12 




















— .26 

— .88 


:i2 

.13 








1,784 










1 



Failed by horizontal deflection, minos direction; fibers of sticks B 
and crashed at middle of post, at some knots. 
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No. 682. 
Same style of post as No. 681. 







irspcuxis. 

Pr^liminarif teat of the single sticks. 



I ! Rings 

Stick. Weight , per 
I ' inch. 



A 

B 
C 
D 



Poundt. 
161 
iM 
183 
151 



7 
U 
7 
9 



Total 
length. 



Inches. 
180 
180 
180 
180 



631 L 



Width. 



TWnftK I Sectional 
^P*^- area. 



! 



Inches. 
4.6U 
4.50 
4.49 
4.50 



' Inches. 
11.63 
< 1L64 
> 11.60 
I 11.63 



8q. inches. 
52.3 
52.4 
52.1 
52.8 



Ganged 
length. 



In^kss. 
150 
160 
150 
150 



9.1 



Loads applied. 



> Stick. 

I 



A 
B 
C 
D 



Actual. 



Pounds 
26,150 
26,200 
26,056 
26,150 



— Compres- 

Poundt ; eion. 

per ' 
»q. inch. 



Compres- 
sion set. 



Horisontal 
deflection. 



Permanent 
horisontal 
deflection. 



500 
600 
500 
500 



Inch. 
.0612 
.0546 
.0542 
.0016 



Inch. 
.0005 
.0004 
.0002 
.0007 



In4sh. 

0. 
— .06 

0. 

0. 



Inch. 

0. 
— .01 

0. 

0. 



Test of the huilt post. 



Loads ap* 
plied. 



Pounds. 

20,000 
40,000 
60,000 
80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
800.000 
840,000 
360,000 
380,000 
400,000 
410,000 
414,000 



Deflections. 



Horizontal. ; Vertical, W. Vertical, E. 



Remarks. 



Inch. 

0. 

.02 
.02 
.02 
.02 
.02 
.01 

0. 

0. 

— .01 

— .02 

— .03 

— .07 

— .11 

— .17 

— .26 

— .60 

— .70 



Inch. 

0. 
.03 
.00 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.09 
.07 
.10 
.08 
.10 



Inch. 
0. 



.07 



i....„..„....| 



Ultimate strengths 1, 980 pounds 
per square inch. 



Post deflected horizontally, minas direction. 
Stick D crushed at knots 24'^ from middle. 
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No. 683. 
Same style of post as So. 681. 

J? c Jf ^ 




Preliminary iest of the single sticks. 



Stick. 


Weight. 


BinffB 
iSS. 


1 
Total 
length. 


1 
Width. [ Depth. 


aiea. 


Oaaged 
leni^. 


A 
B 
C 
D 


Pounds. 
160 
219 
218 
181 


10 

11 

9 

7 


Jnokss. 
186.08 
180.08 
180.03 
180.08 


Inches. 
4.46 
S.62 
ft. 60 
4.46 


Inches. 
11.63 
1L69 
1L70 
11.61 


8q.inaies. 
6L9 
65.7 
66.5 
5L8 


Inches. 
160 
160 
160 
160 










284.9 
















Stick. 


LoftdaappUcd. 


Compres- 
aion. 




1T».X.^.A>1 


Peimaneiit 


AotiML 


Ponnda 
■4]. Inch. 


eion set. | dafiMtiim. 

j 


A 
B 

D 


Pounds. 
26,960 
32,850 
82,760 
26.900 


800 
600 
600 
600 


Jneh. 
.0670 
.0680 
.0494 
.0600 


Inch. \ Inch. 
0. .01 

.0002 0. 

.0008 .04 
0. 1 —.04 


Inch. 
0. 
0. 
0. 
0. 



Test of the built post. 



Loads ap- 
plied. 



Pounds. 



20.000 

40,000 

60,000 

80,000 

100,000 

140,000 

180,000 

200,000 

240,000 

280,000 

300,000 

340.000 

380,000 

400,000 

420,000 

440.000 

460,000 

480,000 

500.000 

501,000 



Deflectiona. 



Horixontal. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .01 

— .01 

— .01 

— .01 
0. 

0. 

.01 
.04 
.13 



Vertical, W. 



Inch. 

0. 

0. 

0. 

0. 

0. 
.01 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 



Remark*. 



Yertioal, S. 



0. 



.18 



. I Ultimate strength = 2, ISSpounds ! 
I per equare inch. 



Stick A crushed 24^' from middle. 

Stick B crushed 26" from middle. 

Stick G crushed 8'' from middle. 

All failures occurring in the vicinity of knots. 
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No. 684. 
Swelled Post. 




Preliminary te$t of t\e HngU wtieka. 



1 


Weight 


Bingsper 
Jnoh. 


Total 
length. 


Width. 


Depth. 


Seotioiua 

aret. 


Ganged 
length. 


A 
B 


Pwmdt. 
146 
210 
284 
166 


10 
12 
7 
10 


InOm. 

180 
180 
180 
180 


JndUi. 
4.50 
5.64 
&60 
4.48 


AMMf. 

1L64 
11.68 
11.88 
1L61 


62.4 
65.4 
84.8 
52.0 


Inehe9. 
liO 
150 
150 
150 


758 










2816 




i - ! 














1 


Loiidt«n»Ued. 




Com]»rMtioii 

Mt 


HoriMiLtal 
deflMtlen. 


PWnutteDt 
horiggtgl 


AotnaL 


Fwuidt pw 

■qiwreiiioh. 


1 

c 

D 


P0umd$, 
2Q.200 
82,700 
ft! 400 
26,000 


aoo 

800 
500 
500 


Ineh, 
.0064 
.0610 
.0548 
.0514 


.0006 
.0004 
0. 
.0002 


-.18 
.06 
0. 
.88 


0. 

0. 
.01 
.01 







Test of the UMt poet. 


Loads ap- 
plied. 




Bonarkt. 


Horiaontal. 


Vertical, W. 


Vertical, B. 


Poundt. 

20,000 
40,000 
60 000 
80,000 
100,000 
140,000 
180,000 

240*000 


Inch, 
0. 
0. 


JfUh, 

0. 

.01 


Inch. 
0. 


Ultimate atrength = 2,255 pounds 
per square inch. 


0. 1 0. 
0. 1 0. 
0. 1 -.01 
0. - .02 
0. , — .04 

a 1 — .04 

0. ! - .04 

A _ . 04 








.02 




.05 


280!000 i 0. 
800,000 1 0. 
840 000 '^ 


— .05 

— .05 

— .05 

— .05 

— .06 

— .06 

— .06 

— .07 
-.07 
-.08 

— .08 

— .08 

— .08 

= :!!l 

— .08 


'ii' "' 


88oi00O 

400,000 

480,000 

440,000 

450,000 

460,000 

470,000 

480,000 

490,000 . 

500,000 

510,000 

520 000 


0. 

0. 
.01 
.03 
.08 
.04 
.06 
.08 
.10 
.10 
.15 

90 




.12 




















528* 000 < ^f^ 
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Stick Aj fibers crashed at middle. 
Stick B, fibers crashed 32^' from middle. 
Stick G, fibers crashed 8'^ from middle of post. 

No. 685. 
Same style of post as No. 684. 
D c s ^ 




SttH 9p€icea r* each, 
insids middle ^nace i", 
outtriiie spaee» jM" each. 

Preliminarif teat of the single sticke. 



A 
B 
C 
D 


Weight 


Rings per , 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional i Qanged 
area. | length. 


PountU. 
145 
220 
200 
166 


10 
10 
12 
9 


Inehet. 
180 
180 
180 
180 


Inehet. 
4.50 
6.63 
6.61 
4.48 


Inehet. 
11.60 
11.62 
11.62 
11.62 


8q. inehet. Inehet, 
52.2 150 
66.4 150 
66.2 ' 150 
52.0 1 150 




740 


.. I 






2S4.8 


1 




1 








1 










Loads appUed. 


Compression. 


Compression 
set. 


Horiiontal 


deflection. 


1 


AotnaL 


Ponnds per 
sqvare inch. 


A 
B 

D 


Pounds. 
26,100 
82,700 
82,600 
26,000 


500 
500 

500 
500 


Ineh. 
.0645 
.0660 
.0506 
.0546 


Ineh. 
.0006 
.0002 
.0004 
.0005 


Ineh. 

— .80 

.07 

.05 

.85 


Indi. 
0. 
. .01 
0. 
.02 







Test of the huilt post 




Leads ap- 
plied. 


Deflections. 


Bemarks. 


Horizontal. 


Vertical, W. 


yertiGal,E 


Poundt, 



1 20,000 

> 40.000 

60,000 

80,000 

1 100, 000 

j 140,000 

180,000 

200,000 

240,000 

280,000 

300,000 

340,000 

380,000 

400.000 

420,000 

430,000 


Ineh. 

0. 
.02 
.03 
.03 
.03 
.03 
.04 
.05 
.05 
.07 
.00 
.10 
.12 
.15 
.17 
.13 
.04 


Ineh. 
0. 
.03 
■ .05 


Ineh. 




.05 
.05 
.05 
.05 
.05 
.OS 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 











::;:; 




.u 




.11 











intimate strength == 1,831 
pounds per square inch. 



Sticks A and G failed at some knots 42'^ from the north end of the pots. 

Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 305 



No. 686. 
Same style of post as No. 684. 



D irec tion o f 
Jvnjal deflecti-on^ 




ThficL spaces 2" each^ 
-inside mid'dle 8p€tC9 j* 
outside It spaces xW ei»Su 



Preliminary test of the single atioke. 



Weight. 



Pounds, 
145 
183 
l&O 
150 



Rings i>er I 
inch. 



11 
10 
12 
8 



Total 
length. 



637 



InehM. 
180 
180 
180 
180 



Width. I Depth. 



Sectional 



Intihes. 
4.48 
4.60 
4.60 
4.62 



Inchw. 
11.61 
11.66 
11.36 
1L61 



8q. ineftes. 
52.0 
52.0 
61.1 
62.5 



Granged 
length. I 



Inches. 
150 
150 
150 
160 



207.6 



Loads applied. 



I 



I' 

I'LL 



Actnal. 



Pounds. 
26,000 
26,000 
25,560 
26^260 



Ponnds per 
squaie inch. 



500 
600 
600 
500 



Compress ion. 



Inch. 
.0500 
.0315 
.0543 
.0680 



; CompreHflion 



Inch. 
.0002 
0. 

.0002 
.0005 



Horizontal 
deflection. 



Inch. 
-.25 

.07 



.06 



, I*ermanent 
! horizontal 
I deflection. 



Inch. 

- .02 
.01 
.01 
.01 



Teat of the built post. 



• 




Defleotions. 


pUed. 










Horisontal. 


Vertical, W. 


Pounds. 


Inch, 


Inch. 





0. 


0- 


20,000 


0. 


.06 


40,000 


0. 


.10 


60,000 


0. 


.18 


80,000 


0. 


.14 


100,000 


.01 


.15 


120,000 


.01 


.14 


140,000 


.02 


.14 


160,000 


.02 


.14 


180,000 


.02 


.14 


200.000 


.03 


.14 


220,000 


.04 


.14 


240,000 


.04 


.14 


260.000 


.04 


.14 


280,000 


.05 


.14 


800,000 


.06 


.13 


320,000 


.07 


.13 


340.000 


.00 


.12 


360,000 


.11 


.11 


380,000 


.17 


.11 


395, 000 


Ah't 30 





Remarlcs. 



Vertical, E. 



Jnoh. 

0. 

0. 



1 



Stick ▲ has very poor appear- \ 
ance. Dead wood along the 1 
comer aboat 8 square inches ' 
area. 



.01 



intimate strength = 1,903 1 
poonds per square inch. 



Failed by horizontal deflection in plus direction. Horizontal deflec- 
tion increased rapidly when the altimate load was reached. Fibers of 
stick A crushed at the I" bolt-hole, and in vicinity of two knots 3" 
diameter at middle, a sharp bend occurring at this point. 
S. Ex. 1 20 
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COMPRESSION TESTS OF YELLOWPINE POSTS- 

No. 505. 



jr :;- 



Average growth, 20 rings per inch. 
Sectional area, 3.03 square inches. 
, Gauged length, 60''. 
Weight, 47 pounds. 
Not counterweighted. 
Post free from knots. 



Loads ap- ' Poanda per ' r««««^«— ,•«« 



pUed. 



Pounds. 
3,030 
15, 150 

"30*800* ' 

*45,*460** 

'"eo,*e66"' 
'i72,'6o6'" 



square inch 



100 
MO 
100 

1,000 
100 

1,500 
100 

2,000 
100 

5,677 



Iruth. 
0. 
.0108 



Permanent 
set. 



Inch. 



.0225 
.'6360* 
".'0485* 



.0005 

•i .'ooib* 

J .*0026' 



Crushed fibers 12" from end. 



No. 566. 



^i 



•eg- 



eo720 



Average growth, 12 rings per inch. 
Sectional area, 30.2 square inches. 
Gauged length, 50". 
Weight, 44 pounds. 
Not counterweighted. 



Remarks. 



Ultimate atrenjrtb. 



Loads ap- ' Pounds per r'««»r.n«<.«i«« ; Permanent 
pUed. j square inch. . Compression, i ^^^ 



Pounds. 
3,020 
15,100 

"30,* 260" 

"45,' 366" 

"60,"406*" 

"iii,'6o6'* 



100 
500 
100 

1,000 
100 

1,500 
100 

2)000 
100 

4,669 



Inch. 
0. 
.0126 



. 0247 
'.'6436'" . 

.6596 "L 



Remarks. 



Inch. 



.0002 I 

."0602**" *i 

'.'6607 "' I 
I 

'.*6oi6' *' 



. I Ultimate strength. 



I 



Failed at knots 15" from end. 
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No. 567. 



315 






Sectional area, 30.4 square inches. 

Ganged length, 50". 

Weight, 45 pounds. 

Not connterweighted. 

Average growth, 25 rings per inch. 



^J:''- iS"n'sr.|C«'»p"«'<»- '"'^Tr*"' 



I Poundt. 
3,040 
15,200 

'"'"so.'ioo" 

-"**45,'600'* 
|*"*66*806" 
I "168,060" 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

5,526 



Inch. 
0. 
.0080 



Bet. 
Inch. 



.0200 

".oais* 
'.'oiii* 



0. 
.'6605' 



Remarks. 



Ultimate strength. 



Failed at knots at 9" and 17" from end. 




Sectional area, 30 square inches. 
Weight, 47J pounds. 
Not counterweight€d. 

Post has a large knot near each end, straight-grain section between 
the knots. 
Two gauged lengths. 

Ganged length A, 15" on straight-grain section. 
Gauged length B, 10" on section containing knot. 
Average growth, 20 rings per inch. 



I 



Permanent set. 



Pounds I Compression. 

Loads per '. ._ 

applied. | sqaare i f , 

inch. Section A. Section B. I Section A. I Section B. i 



Remarks. 



.1 



Pounds. 
8.000 
15,000 
80,000 

"45,*000" 
60,000 



Inch. 
0. 


Inch. 


.0033 




.0070 






0. 


.0166 




. 0140 ! 




1 


0. 



Inch. 
0. 


Inch. 


.0058 




.0130 






.0008 


.0225 




.0315 






.0026 



100 

500 
1,000 

100 
1.500 
2.000 

100 , w ^^ , , 

3,600 I Ultimate strength. 



I 108,000 

Failed at knot 8" from end 
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No. 562. 



5 



=^ 



Sectional area, 30.1 square iuches. 
Ganged length, 50^' 
Weight, 72^ ponnds. 
l^ot connterweighted. 



Loads Ap- 
plied. 

3,010 
^ 15^050 


Pounds per 
' square inch. 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,651 


I 
ComprMsion. 

1 ■ " ; 

Intk. 
.0114 1 


Permanent 
set. 

Inch, 


• 

Remarks. 

' UlttnoatoatraiKth. 




0. 


1 80,100 


.0260 


0. 


45^150 


.cm i 


.0005 


1 00,200 


.0587 


.0010 


1 i40.000 

1 




1 





Failed by opening season cracks and crashing fibers. 

No. 563. 



Sectional area, 29.8 square inches. 
Oanged length, W. 
Weight, 59} pounds. 
Not counterweighted. 

Loads ap* I Ponnds per n^mn^^i^^ Permanent i 
plied. ! square in^. Compression. ^^ j 



2,980 
14,900 



Bemarks. 



20,800 
"*44,*700' 
"69," So' 
'i24,'00o"' 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4.161 



liydh. 
0. 
.0123 


i«di. ' 




a 


.0280 




.0004 


.0445 






.0010 


.0821 






.0021 


::::.:: 


1 



I 



Ultimate strength. 



Failed at some knots 3(V' from end. 



b 


No. 564. 






*^S:^ \ 






*. — . .. 


> 



Sectional area, 29.9 square inches. 
Gauged length, W. 
Weight, 57 pounds. 
Not counterweighted. 
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Loads *p- 
pUed. 



Poundt. 
2.990 
14,960 



29,900 
'44,"850' 
'59,'806* 



143. 500 



Pomida per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,799 



Compression. 



Permanent 
set 



.0009 



Kemarks. 



Inch. 
0» 


Inch. 


.0100 




1 


6. 


1 .0226 






.0002 


; .0370 






.0005 


' . 0512 






Ultimat<> strength. 



Crusbed fibers at knot, 27'' from end. 



No. 569. 






"ss e 



•^« 



Sectional area, 30.1 square inches. 

Gauged length, IOC' 

Weight, 86 pounds. 

Not counterweighted. 

Initial deflection before dressed from size 6" x 6'' : 



Horizontal, ''.25. 



I^dsap. ^*L««lL 



Compres- 
sion. 



Permanent 
set. 



Deflections. 



HorisontaL 



I PoundM. 

; 3,010 

I 15.060 

\'"d6',ioo" 

""iKm" 

.■"io;2io" 

•'"S.'ooo" 

100,000 
I 120,000 

140,000 
I 146,200 



; Inch. 
100 0. 


Ineh. 


500 . 0190 




100 




0. ' 


1,000 
100 

1,600 
100 

2,000 
100 


.0440 




0. 


.0700 


.0002 


.0964 


.0010 

























4,857 











Ineh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.02 
.07 
.15 



Inch. 

0. 

0. 

0. 
.01 

0. 
.01 

0. 
.01 

0. 
.01 
.01 
.01 
.04 
.15 



Remarks. 



Vertical. 



Ultimate strength. 



Failed by deflecting upwards, crushing fibers in the vicinity of knots 
at middle of post. 



■'S: 



No. 560. 
5._ 



120:10 



Sectional area, 30.1 square inches. 

Gauged length, 100". 

Weight, 88i pounds. 

Not counterweighted. 

Cross-grained stick with sejisou cracks. 
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Loads ap 






Defleotions. 



HorisontaL i Vertical. 



Remarks. 



Pounds. 
3,010 
IS, 050 

"30,166" 

"ib, iio" 

"66,206" 

"76,' 666*" 

80,000 

90,000 

100,000 

110, 000 

120,000 

no, 000 

139, 000 



100 
500 
100 

1,000 
100 

1,600 
100 

2,000 
100 



4,618 



Inch, 
0. 
.0207 

'."6486" 

"".6756" 

'."1636"' 



Inch. 



.0010 
".6616* 

".'6618 
"."6625"" 



Inch, 


Inch. 


0. 


0. 


— .01 


— .03 


0. 


a 


— .04 


— .10 


— .06 


— .16 


0. 





— .06 


— .21 


0. 


0. 


— .07 


— .28 


— .07 


- .34 


— .06 


— .40 


— .05 


— .46 


— .05 


-.46 



— .70 
-.90 



Ultimate strength. 



Failed, crashing libers at knot at middle of post ; deflects down- 
ward. 

No. 561. 



''5 



laa.zs 



Sectional area, 30.3 square inches. 
Oauged length, 100". 
Weight, 110 pounds. 
.Not counterweighted. 
Worm-eaten post. 



Loads ap- i ^«^°°°1* Compros- 



Permanent _ 
set. 



Defleotions. 



Horisontal. ' Vertical, i 



Remarka. 



Pounds. 
3,030 
15,150 

"36,'366 " 

'4M56"" 

'66,666*' 

"'76,'666"* 

80, 000 
90,000 
100,000 
110,000 
120, 000 
130, OUO 
140. 000 
143,600 



100 
500 
100 

1.000 
100 

1,600 
100 

2,000 
100 



4.739 



Inch. 
0. 
.0164 

".'0385* 

"'.'6e66' 



Inch. 



0. 

'6.' 

"6. 

"."66i6" 



Inch. 
0. 

— .01 
0. 

— .01 
0. 

— .02 
0. 

— .02 
0. 

— .02 

— .04 

— .05 

— .05 

— .05 

— .06 

— .07 

— .10 



Inch. 
0. 
0. 
0. 
0. 
0. 

— .02 
0. 

— .04 
0. 

— .06 

— .06 

— .07 

— .09 

— .10 

— .11 

— .12 

— .13 



•Ultimnte streagtb. 



Failed by crushing fibers in vicinity of knot at middle of post. 



Digitized by VjOOQIC 



TESTS OF IRON AND STEEL AND OTHER MATERIALS 319 



No. 556. 



Sectional area, 30.5 square inches. 

Weight, 126 pounds. 

Gauged length, 100". 

(^onnter weight at middle, 64 pounds. 



/%b re8 crusfvref -^ 



Loada 
Hpplied. 



^?^^»^^ i Compres- Permanent 



Deflections. 



Horizontal.! YertioaL | 



Remarks. 



Pounda. 
3,050 
15,260 

36,560 

"'45*556" 

* 61," 066"' 



70,000 

80,000 

90,000 

100,000 

lie, 000 

120.000 
130,000 
140, 000 
150,000 
156,000 



100 
500 
100 

1,000 
100 

1,600 
100 

2,000 
100 



Inch, 
0. 
.0190 

'.'6438' 

".'6680* 

.6932* 



Inch. 



- .0006 



.0004 



.0002 



5,114 



Inch. 

0. 
.01 

0. 
.03 

0. 
.05 

0. 
.08 

0. 

..09 
.11 
.14 
.16 
.10 
.23 
.28 
.85 
.49 
.85 



Jneh. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

- .02 

- .05 

- .11 

- .11 



I Ultimate strength. 



Failed by deflection sideways. Crushed fibers at knot 12'' from end 
of post. 

No. 557. 



?. 






Sectional area, 30.2 square inches. 
Gauged length, 100''. 
Weight, 128 pounds. 
Counterweight at middle, 64 pounds. 



Loads ap- \ ^^^J!^... I Compres- iPermanent __ 
plied. P^^iX I "^°- •«'• 



Pound*. 
3,020 
15. 100 

"36,266* 

""'45,' 366' 

"'66,"466" 

"76,666 
HO, 000 
100,000 
110,000 
120, 000 
130. (»00 
1 40. 000 
l.*»0. V(M 

i:.o, 000 



TOO 

.•voo 

100 
1,000 

100 
1,.'>00 

100 
2,000 

100 



Inch. 
0. 
.0166 

"'."6386* 

".'66i6' 

".'6846" 



Jneh. 



.0007 



.0009 

".'6oi6' 



^ ion 



Deflections. 


Remarks. 






[orizontal. 


Vertical. 




Inch. 


Inch. 




0. 


0. 




0. 


0. 




0. 


0. 




0. 


0. 




0. 


0. 




- .02 


- .01 




0. 







- .04 


- .03 




0. 


0. 




- .05 


- .04 




- .06 


- .06 




- .10 


- .10 




- .11 


- .11 




- .14 


- .13 




- .18 


- .16 




- .24 


- .20 




- .34 


- .29 




- .70 


- .50 


Ultimate strength. 



Failed by deflecting diagonally downward and sideways. 
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No. o5S. 



"i-Esc: 



^ 

"^o 



isorao 



Sectional area, 30.3 square inches. 
Gauged length, 100''. 
Weight, 141J pounds. 
Counterweight at middle^ 64 pounds. 






P<mnd». 
3,030 
15,160 



Poundai Compres- I Pennaiient ' 



BeflectioDB. 



Horizontal 



30,300 



45,460 



60,600 



70,000 
80,000 
90,000 
100,000 
110, 000 
120,000 
130, 000 
140,000 
150.000 



100 


Inch. 
0. 
.0172 


Inch. 


500 




100 


0. 


1,000 
100 

1,500 
100 

2,000 
100 


.0400 
" ■.■6629"" 
**".'0865'" 




— .0004 


-.0003 


* 0002 












1,. ' 








i::";i:":"'::i::;:":i: 


;:::::::::: 



4,950 



Iwsh. 

a 

— .07 
0. 

— .12 

— .01 

— .17 

— .01 

— .19 

— .01 

— .21 

— .22 

— .25 

— .27 

— .29 

— .31 

— .36 

— .40 

— .66 



Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .02 
0. 

— .04 

— .05 

— .06 

— .06 

— .09 

— .10 

— .11 

— .12 

— .12 



Romarka. 



Vertical. 



intimate strength. 



Failed by deflecting sideways and upwards, changing the direction 
of the vertical deflections after passing the'maximum load. 



•feff 



Xo. 553. 



J so." a a 



Sectional area, 30.1 square inches. 
Weight, 140 pounds. 
Gauged length, 100". 
Counterweight at middle, 64 pounds. 



I 



I Loads ap- 
pUed. 



Pounds 

per square 

inch. 



I Compres- 
sion- 



Permanent I 
set. 



Deflections. 



60,000 
70, 000 
80,000 
90.000 
»9,200 



3.296 



■Horizontal.! Vertical. 



Pimnds. 1 
3, 010 
16,050 1 


100 
500 
100 
1,000 
100 


Inch, 
0. 
.0230 

"".0552 "' 


Inch, 




.0002 


30, 100 ' 




0- 


40,000 
50,000 












Remarks. 



Inch. Inch. 

0. 0. 

.01 .04 

0. 0. 

.01 .05 

0. .01 

H- .02 .06 

-t- .02 .07 

4- . 02 . 07 

.04 .04 

.05 0. 

.08 — . 10 

.27 — . 80 UltliiKate sti-engtb. 



Failed by deflecting downward. 
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No. 554. 

Sectional area, 30 square inches. 
Gauged length, 100". 
Weight, 148 pounds. 
Counterweight at middle, 76 pounds. 



n 



Pwunda. 

3.000 
15.000 

""30,066" 

"45,000 " 

"e6,'ooo " 



70,000 
80.000 
90,000 
100,000 
110,000 
120,000 
180,000 



Pounds 

»r stiuai 

incn. 



L<»atl» ap- ^ """*i* Compri««- Permaneut 
pliwl/ P*';;;.'?*™ «ion. set. 



100 
.VK) 
100 

1.000 
100 

1,500 
100 

2,000 
100 



Ineh. 
0. 
.OIKO 



lurh. 



. 0435 

.6e8«' 
.6935" 



4,338 



Defleotions 












Remarks. 


rixontal. 


Vertical. 




Inch. 


Inch. 




.03 




.03 




.03 




.03 




.03 




.03 




.03 




.01 




.03 


' 


.03 




.03 


< 


. 




.03 




.03 




.04 


_ 


.02 




.03 




.03 




.U5 


— 


.02 




.07 





.08 




.07 


— 


.04 




.10 


__ 


.06 




.13 


1 


.07 




.20 


__ 


.08 




.r»2 


' — 


.02 


Ultimate stranffth. 



Failed bj' dedecting sideways, reversing the vertical deflections and 
bending upwanl slightly. 

^o. 555. 



3SO. as 



Sectional area, 30.3 square inches. 
Gauged length, lOO''. 
Weight, 148 pounds. 
Counterweight at middle, 76 pounds. 



I'O^'dB'P- «^*ii««iL Comprea- Permanent 
plied. "^ P'^^nX •»*«»• •»•*• 



Poimdf. 
8,080 
15,150 



80,300 
"45,' 456' 

"66,' 666* 
" '76," 666" 

80.000 
90,000 
100,000 
110,000 

lao.ooo 

129,000 



4,267 



100 


Ineh, 
0. 
.0200 


Inch. 


500 




100 


0. 


1 000 


.0450 




100 


0. 


1.500 
100 


.0706 




.0011 


■ 2,000 
< 100 


.0970 


.0016 








' 




1 




' ............ 



Defleotions. 








Remarks. 


HoriKontal. 


Vertical. 




Ineh. 


Inch. 




0. 


0. 




— .02 


— .01 




0. 


0. 




— .05 


— .02 




0. 


0. 




— .05 


— .02 




— .01 


0. 




- .06 


— .02 




- .01 


0. 




— .07 


— .02 




— .07 


— .02 




- .97 


— .03 




— .08 


— .04 




— .11 


-.06 




- .16 


- .09 




— .50 


— .80 


Ultimate strength. 



Failed by deflecting diagonally downward and sideways. 
H. Ex. 1 21 
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No. 660. 

.MS.C 






^ 



Sectional area, 30 square inches. 
Weight, 172 pounds. 
Counterweight at middle, 88 pounds. 

Initial deflection before stick was dressed down from size 6" x ^^: 
Vertical,- ^25. 



Loads ap- 
pUed. 



Pounda. 
2.000 
4.000 
«,000 
8,000 
10.000 
14,000 
18,000 
20,000 
22,000 
2«,000 
30,000 
34,000 
38,000 
40,000 
50,000 
00,000 
70.000 
80,000 
90.000 



Pounds 


Compres- 
sion. 

Inch. 


Permanent 

"'• 1 

1 

i 







.....1 

























\ 


:::::::::: 






:;::;::::::::::.::::::::.! 




; ■ 1 




1 









1 




::: ::::::i:::'::: :: i 









::::::::::::!::::::::::::i 



Deflections. 



HoriEontsl.! YerticaL 



Semarka. 



8,000 



Inch. 


Iiuth. 


- .06 


— .08 


-.06 


-.06 


— .06 


— .05 


-.06 


— .04 


— .06 


— .02 


— .06 


— .01 


— .07 


0. 


— .08 


0. 


— .00 


0. 


— .10 


0. 


— .10 


0. 


— .11 


0. 


— .13 


0. 


-.15 


0. 


-.20 


0. 


— .28 


0. 


— .86 


0. 


-.61 


— .01 


-1.03 


— .06 



Ultimate Strength. 



Failed suddenly under the maximum load, deflecting sideways, split- 
ting the stick at the middle where it wa« cross-grained. 

No. 551. 




:^s e 



Sectional area, 29.8 square inches. 
Weight, 180J pounds. 
Counterweight at middle, 88 pounds. 

Initial deflection before stick was dressed down from size 6" x ^': 
Horizontal, ''.25. 



Loads ap« 
plied. 



Pcunda. 
2,000 
4,000 
6,000 
8,000 
10,000 
14,000 



, Pounds per 
sqaare inch. 





HorirxmtaL 

1 


Vertical 


r 

Inch. 


Ineh. 


.09 , 


.09 


.00 ! 


.00 


.10 


.00 


.10 


.00 


.10 


.00 


.U 


.00 



Bemarka. 
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Loads ap- Poanda p«r 
plied. ' nqiiare moh. i 



Pounds. 
18,U0O 
22.000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 
100,000 
109,000 



Defleotiona. 



Remarka. 



3 858 





VerticAl. 


Inch. 


Tneh. 


.11 


.00 


.12 


..09 


.13 


.00 


.14 


.09 


.17 


.09 


.21 


.10 


.26 


.10 


.33 


.11 


.45 


.12 


.00 


.14 


.80 


.30 


1.06 


.50 > Ultimate strength. 



Deflected sideways. 



No. 652. 






Sectional area, 30.3 square inches. 
Weight, 167^ pounds. 
Counterweight at middle, 88 pounds. 



Loads ap- 
plied. 



Pounds. 
2,000 
4.000 
6,000 
8.000 
10,000 
14,000 
18,000 
22.000 
26,000 
30,000 
40,000 
50,000 
60.000 
70,000 
80,000 
90,000 
93,000 



Poiinda per 
square inoh. 


Beflc 
Horizontal. 

0. 
0. 
0. 
0. 

-•:.! 

— .01 

— .02 

— .03 
-.08 

— .05 

— .06 

— .09 

— .14 

— .26 

— .52 
— L42 


lotions. 
; Vertical. 

Inth. 

0. 




0. 




0. 




0. 




0. 
0. 




3. 




.01 




.01 




.01 




.01 




.01 




.01 




.01 




.01 1 




.01 * 


3,060 


.01 



Remarks. 



Ultimate strength. 



Deflected horizontally. 



No, 548. 



^•^-- 



j9M e 



_J 



•*« 



Sectional area, 29.4 square inches. 
Weight, 185 pounds. 
Counterweight at middle, 88 pounds. 

Initial deflection before stick was dressed down from size 6''x'J": 
Horizontal, + ".^2. 
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Loads ap- 
pUed. 



PoundH per 
sqnare inch. 



Deflections. 



Horizontal. Vertical. 



Remarka. 



PmtndM. Inch. Inch. 

2,000 0. 0. 

4, 000 — . OS- .01 

6, 000 — . 07 .02 

8,000 —.08 .02 

10,000 —.09 .02 

14,000 — .10 .02 

18,000 —.11 .02 

22,000 —.13 .02 

26.000 -.!.'> .02 

30,008 —.17 .02 

34, 000 — . 10 .02 

38, 000 — . 20 .01 

42.000 —.23 .01 

40, 000 — . 26 0. 

50, 000 — . 30 0. 

54.000 —.32 0. 

66,000 ...' —.36 0. 

.58,000 —.36 0. 

62,000 —.40 0. 

66, 000 — . 50 0. 

70, 000 — . 60 0. 

74,000 —.75 0. 

78,000 —1.00 .05 

80,000 —1.28 .08 

82,000 2,789 



Ultimate streni^h. 



Failed by deflecting sideways. 






a 4 0. $9 



No. 549. 



'g vtfittctirt^ . 



Sectional area, 29.8 square inches. 

Weight, 185 pounds. 

Counterweight at middle, ^ pounds. 

Post was jj" winding before dressed down from size ^*y,&'. 



I^oads ap- 
plied. 



Pounds per 
I square inch. 



Deflections. 



Horizontal. ' Vertical. 



Remarks. 



PouncUi. 
2,000 
4, 000 
6,000 
8,000 
10,000 
14,000 
18, 000 
22,000 
26,000 
30,000 
40,000 
50,000 
54,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
87,800 



2,046 



Inch. 

— .«'4 

— .05 

— .06 

— .05 

— . or. 

— .05 

— .06 

— .06 

— .06 

— .07 

— .09 

— .11 

— .16 

— .18 

— .20 

— .21 

— .22 

— .26 

— .26 

— .30 

— .34 

— .37 

— .45 

— .66 

— .97 



Ineh. 

— .06 

— .08 

— .10 

— .11 

— .12 

— .13 

— .14 

— .16 

— .16 

— .18 

— .22 

— .29 

— .40 

— .41 

— .43 

— .48 

— .62 

— .58 

— .61 

— .67 

— .75 

— .83 

— .96 
—1.13 
—1.60 



Deflected downward and sideways. 



i Ultimato stTMigth. 
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No. 545. 



"t 



•^pJ^ 



BfOfSB 



Sectional area, 31.5 square inches. 
Weight, 212 pounds. 
Counterweight at middle, 108 pounds. 

Initial deflections before stick was dressed down from size 0"x6'': 
Horizontal, -".25; vertical, +".38. 



Loads ap- 
plied. 



Foands per 
square inch. 



Deflections. 



Horizontal. > Vertical. 



Remarks. 



Pounds. 
2.0OO 
4,000 
6,000 
8,000 
10,000 
12,000 
16,000 
20,000 
24,0U0 
28,000 
30,000 
32,000 
34,000 
30,000 
38,000 
40,000 
42,000 
44.000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
08,000 
70,000 
73, 700 



Inch. 

— .10 

— .10 

— .10 

— .10 

— .11 

— .11 

— .12 

— .15 

— .16 

— .18 

— .20 

— .20 

— .22 

— .23 

— .25 

— .27 

— .28 

— .80 

— .32 

— .34 

— .36 

— .38 

— .40 

— .45 

— .40 

— .54 

— .60 

— .68 

— .76 

— 86 
—1.00 
—1.76 
—2.80 



Inch. 

0. 

0. 

0. 
.01 
.01 
.01 
.01 
.02 



.03 
.04 
.04 
.04 
.05 
.06 
.07 
.08 
.00 
.10 
.11 
.12 
.13 
.14 
.16 
.10 
.21 
.25 
.30 
.34 
.43 
.00 
1.80 



Ultimate strength. 

Sudden spring when deflection 
reached this amount, sustain- 
ing about 60, 000 ppunds at the 
time. 



No. 646. 



:^ 



Sectional area, 29.8 square inches. 

Weight, 189 pounds. 

Counterweight at middle, 96 pounds. 

This stick was %" winding before dressing down from size 6''x6". 
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Load« ap- ' Poandaper 
piled. square inch. 



PoundM. 

2,000 

4,000 

6, 000 

8,000 

10,000 

14,000 , 

18.000 

22,000 

26,000 

30,000 

34, 000 

38, 000 ; 

42, 000 

46,000 

50, 000 

54. 000 

56. 000 1, 879 



I'jiiled by vertical deflection. 



DeflectlonB. 




_ 


-- 


BemarXs. 


Horizontal. 

1 


Vertical. 




Inch. 


Inch. 




.04 







.07 


.03 




.09 


.06 




.09 


.08 




.09 


.09 




.09 


. 11 




.09 


.13 




.09 


.16 




.09 


.19 




.09 


.22 




.09 


.J6 




.09 


.31 




.06 


.37 




.03 


.47 




- .X)2 


.65 




- .16 


.98 




- .50 




. Ultimate strangth. 







No. 547. 







1 



Sectional area, 31.7 square uicbe«. 
Weight. 266 pouiuls. 
Oounterweight at middle, 140 i>ouiids. 

Initial deflection before stick was dressed down from sizeO^xG": 
A'tTtical, -"AS. 



Loads ap- 
pli.Hl. 



Pounds per 
sqnareinch. 



DoflectiuuH. 



UorisEuntal. Vertiool. 



Remarks. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
14,000 
18, 000 
22,000 
26,000 
30,000 
84,000 
38,000 
42,000 
46, 000 
50, 000 
54,000 
58,000 
62,000 
62,500 



Inch. 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .20 

- .21 

- .21 

- .22 

- .2*i 

- .25 

- .26 

- .27 

- .80 

- .27 
.20 



Inch. 

- .14 

- .12 

- .10 

- .10 

- .09 

- .09 

- .10 

- .10 

- .10 

- .10 

- .10 

- .10 

- .10 

- .10 

- .10 

- .11 
.15 
.15 



I Snapping soondft. 



1,972 ! I Ultimate atrength. 



Failed by deflecting sideways in plus direction and upwai^ds. 

Before the maximum load was reached, craok at A opened on the con- 
\ ('\ side corner about ^ square inch, splintering partly off, forming a 
loop. At the time of maximum load this splinter broke by compression 
and at the same time the deflections were reversed, changing from miDiis 
to plus directions, the splintering corner now being on the concave side. 
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No, 608. 



"ii 






^f"^ 



Sectioual area, 29.9 square inches. 
Weight, 210 pounds. 
Counterweight at middle, 105 pounds. 
Initial deflection before dressing down from size 6''x6": 
+''.38. 



Vertical, 



Loads ap- 
plied. . 



Pounds per 
square inch. 



DeflectlonB. 



HorizontaL Vertical. 



Jfoundc. Inch. Inch. 

2,000 ; + .18 + .12 

4,000 * 4- .18 + .12 

6,000 + .18 4- .12 

8,000 + .18 + .12 

10,000 -f.l8 4-. 12 

12,000 .20 4-. 12 

14,000 1 .21 + .18 

16,000 , .22 + .12 

18,000 .24 .13 

20,000 .26 .14 

22.000 ' .29 .15 

24,000 .30 .17 

26,000 .33 .18 

28,000 .36 .18 

30,000 .40 .19 

32,000 .45 .20 

34,000 .50 .20 

36,000 .55 .22 

38,000 .59 .23 

40,000 .67 .25 

42,000 .76 .27 

44,000 I .89 .30 

45,000 .97 .32 

46,000 106 .33 

47,000 1.17 .35 

18,000 1.30 .38 

49,000 1.45 .40 

50,000 1.68 .44 

51,000 1.95 .50 

52,000 1.739 2.40 .56 



BemarkH. 



Snapping isoandn. 



Ultimate strength. 



Failed by deflecting sideways and ui)ward. 



No. 509. 






:tOo.ao 



Sectional area, 30 square inches. 

Weight, 235 pounds. 

Counterweight at middle, 117 pounds. 
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\'\ 



_ - ,> , De6ection«. 

I Loads np- Ponnds per 

I plied. square inch. Horizontal. 



Vertical. 



Kemarks. 



Pounds. Inch. Inch. 

2,000 - .08. 0. 

4,000 - .12 0. 

6,000 - .14 .01 

8,000 - .15 .02 

10,000 ■ .17 .02 

12,000 I - .18 .03 

14,000 - .18 .04 

16,000 - .18 .05 

18,000 - .18 .05 

20,000 - .19 .05 

22, 000 - . 20 .06 

24,000 - .20 .06 

26,000 - .21 .07 

28,000 - .22 .08 

30,000 - .23 .09 

32, 000 - . 25 .10 

34,000 - .26 .10 

36,000 - .28 .10 

38,000 - .80 .11 

40,000 - .32 .11 

42,000 - .34 .11 

44,000 - .36 .11 

46,000 - .40 .11 

48,000 - .45 • .11 

50,000 , - .51 .11 

52,000 - .64 .12 

54, 000 - . 78 .12 

.56,000 -1.00 .12 

58,000 -1.48 .12 

59,000 1,967 -2,12 .11 



Ultimate strougth. 



No. 510. 



j:-^ 



Sectional area, 20.8 s<iuare inches. 

Weight, 210 pounds. 

Counterweight at middle, 105 pounds. 

Po8t ".38 winding before dressing down from size 6"x0". 



Loads ap- 
plied 



Pounds per 
, square inch. 



Deflections. 
Horizontal. Vertical. 



Remarks. 



Poundn. Inch. . Inch. 

2.000 — .04 + .05 

4. 00 1 — . 01 -f . 05 

6,000 0. .04 

8,000 0. .02 

10,000 0. 0. 

12,000 0. 0. 

14,000 0. 0. 

16,000 1 4-. 01 —.02 

18,000 .02 —.04 

20,000 .02 —.05 

22,000 • .03 — .06 

24 000 .04 — .07 

26, 000 .06 — . 08 

28, 000 .08 — . 09 

30, 000 .10 — . 10 

32,000 .12 —.11 

34,000 .13 - .12 

36,000 .15 — .13 

38,000 .18 — .l.*) 

40,000 .22 —.16 

42,000 .26 —.17 

44,000 .30 —.18 

46,000 .40 —.20 

48,000 .50 —.20 

80,000 .68 — .20 

51,000 .75 —.20 

53,000 1.05 —.21 

54,000 1.38 —.21 

55,000 1.63 —.20 

55,500 1,862 



Ultimate strength. 
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No. 499. 



980.44 



Sectional area, 28.1 square inches. ' 
Weight, 258 pounds. 
Counterweight at middle, 129 pounds. 

Initial bend in post before dressing down from size y x <>" : VerticaL 
+''.38. ' 



Loads ap- 
plied. 



Foands per 
sqnare iooh. ; 



Deflectiona. 



Horisontal. Vertical. 



roundt. Inch. 

2,000 1 0. 

3,000 0. 

4,000 I ' — .02 

5,000 : —.Oo 

8,000 ' — .08 

7,000 — .08 

8,000 — .08 

9, 000 — . 07 

10,000 —.07 

11.000 —.07 

12,000 —.08 

13,000 —.08 

14,000 —.08 

16,000 — .08 

16,000 — .08 

17,000 I —.08 

18,000 — .08 

19,000 —.08 

20,000 —.08 

2l:000 —.08 

22.000 —.08 

23.000 —.08 

24,000 —.08 

25,000 —.08 

26,000 ... —.08 

27,000 —.08 

28.000 -.08 

29,000 —.08 

30,000 —.08 

31,000 —.08 

32.000 —.06 

33,000 —.06 

34,000 —.06 

35,000 —.05 

36,000 — .04 

37,000 —.04 

38, 000 — . 02 

39,000 —.02 

40,000 —.02 

41,000 —.02 

42,000 

43,000 1 

44,000 : 

45,000 

46.000 -f .02 

47,000 .05 

48,000 ; .06 

49,000 .08 

50,000 .10 

51,000 .12 

52.000 .16 

53,000 .19 

54,000 .21 

56,000 .27 

56,000 .32 

57,000 , .44 

58,000 .55 

59,000 .72 

60,000 1.00 

60,800 2,163 2.00 



Itieh. 

+ .30 
.30 
.24 
.20 
.16 
.15 
.13 
.12 
.10 
.10 
.10 
.10 
.10 
.08 
.08 



0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



I _ 



.03 
.03 



Remarka. 



.08 
.08 

.08 I 
.08 
.08 



.07 
.07 
.06 

06 
.06 

05 
■ 06 

05 
• 05 

05 
•05 
•05 

05 
•04 
•04 
•04 
•04 



— .03 tritimato atrength. 
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Failed by horizoutal deflection, snddeuly springing when the maxi- 
mam load was reached, increasing the horizoutal deflection to about &'• 
Load released to 10,000 pounds and maximum loads repeated, sudden 
springing occurring when the following loads were reached: 66,000, 
54J0OO, and 53,000 pounds. 

Between each loading, strains were released to 10,000 pounds. 

No. 500. 



:ti 



Sectional area, 28.2 square inches. 
Weight, 236 pounds. 
Counterweight at middle, 118 pounds. 

Initial bend before dressing down from 6"x6" stick: Horizontal, 
-''.38; post winding, ".38. 



Loadii ap- 
plied. 



, Poands per 
square ioch. 



Deflectioud. 
Horizoutal. ' Vertical. 



Keniat-ka. 



Pimndit. Inch. 

2,000 ; i — .50 

4, 000 — . 4r> 

6,000 —.45 

8, 000 — . 45 

10, 000 — . 4« 

12,()00 —.50 

14, 000 — . e2 

16,000 - .56 

18,000 —.59 

20,000 —.62 

22. 000 — . 68 

24,000 —.74 

26, 000 — . 80 

28,000 — .90 

30,000 -1.00 

31,000 , -1.05 

32,000 ' ! —1.13 

33,000 ' —1.20 

34,000 : —1.30 

35.000 —1.40 

36,000 1 —1.55 

37.000 1 —1.70 

38,000 -1.95 

38,000 —2.18 

49,000 1,383 —2.70 



— .12 

— .12 

— .12 

— .12 

— .12 

— .17 

— .19 

— .20 

— .22 

— .25* 

— .23 

— .30 

— .32 

— .37 

— .40 

— . 4.'> 

— .50 

— .53 

— .56 

— .6i) 

— .66 

— .70 

— .79 

— .92 

—1.07 



Flftures below refer to this 
curved line : 



Shape of stick while under 
38,000 pounds oomnreasion. 
Ordinates measurea each 2 
feet 

0, ".28. ".65. I'MO, 1".56. 1".85. 
2".05, 2" 06, 1".88, 1«.57. 1".15, 
".70, ".32. ".15, ".18, 0. 

Ultimate strength. 



Failed by horizontal and downward deflection. Deflected suddenly 
when load reached its iDaximum, increasing to about 8'' horizontal and 
vertical at middle. 

Posts of this length and diameter have changed from triple flexuie 
when sudden sjmnging occurred to single flexure, like a post with pin 
ends. 

No. 501. 



^ 








.30. C 




'S^' 










1 
^ 




sao."4^ 








:1 



Sectional area, 28.1 square inches. 
Weight, 256 pounds. 
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Oounterweiglit at middle, V2H pounds. 

Initial bend to stick before dressed down from size 6" x &" : Horizon 
tal, -'^25; vertical, -'^30. 



Loads ap- 
plie<l. 



I>efltt€tionft. 



Poanda per 
nquare inch. 



Uoiizontal. 



Keniarka. 



VerJical. 



J'oundt, Ifuh. 

2,000 —.27 

4,000 —.27 

6, 000 — . 26 

8,000 — .27 

10,000 — .2^ 

ia,000 .- — .20 

14,000 .T —.80 

16,000 

18, 000 

20,000 

22,000 

34, 000 

2d,000 

28,000 

30,000 

82, 000 

34, 000 

36, 000 

38, 000 

40, 000 

42. 000 

43, 000 V 

44, 000 

44. 400 1, sm 



Inch. 
— .40 



— .04 

— .03 

— .01 



— .81 


.01 


— .32 


.02 


— .36 


. .04 


— .38 


.05 


— .38 


.06 


- .42 


.07 


— .47 


.08 


— .5) 


.10 


— .56 


.11 


— .66 


.12 


— .75 


.15 


— .90 


.16 


—1.10 


.20 


—1.40 


.26 


— L70 


.32 


—2.10 


.42 




Ultimate strenffth 



Failed bv deflection sideways and upward, springing suddenly soon 
after passing the maximum load, increasing the deflections to about 
—8'' horizontal, 2'' vertic^al. 



No. 572. 



/uUure. 







Sectional area, 75.8 square inches. 

Weight, 124 pounds. 

Gauged length, 50". 

Not connterweighted. 

Average growth, 6 rings per inch. 



Loada ap- 
plied. 



F<mndt. 

7,680 

37,900 

'75,800 ' 

'ii8,766 ' 

ioiioo" 

260, 000 



PouDdtt nw n^^w^^^^^t^^ PermaneBt 
square Inch. |Compie«iIon. . ^^ 



RemarkA. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

3,430 



Inch. 
0. 
.0210 



Inch. 



.0460 
.0716' 
Vo994 



.0004 

*.'ooii" 

.0029 
.6656 



Ultimate strength. 



Failed at a knot 2" diameter, 30" from end of post. 
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Ko. 573. 

/Sn2i«re. 






<<^^^S^- 



sats 



Sectional area, 75.8 square iuclies. 

Weight, 131 pounds. 

Gauged length, 50''. 

Not counterweighted. 

Average rate of growth, 14 rings per inch. 



Loads ap- 
plied. 


Pounds per 
square incli 


Poundt. 

7,580 

37,900 

"75,806 " 

113,766"" 


100 
500 
100 

1,000 
100 

1,500 
100 


151,600 


2,000 
100 


286.500 


3,780 



Compression. ^*"^^™* 



Kemarks. 



Inch. 
0. 
.0113 

.0270 



Inch. 
Q." 



.0436 
.6.505 



.0005 

.6666" 
'.'6612' 



Ultimate strength. 



Failed by crushing fibers at a knot 26" from end of post. 



Xo. 574. 



/htUurt^. 






.< 9r 



f^.'^to 



Sectional area, 75.9 square inches. 

Weight, 161^ pounds. 

Gauged length, 50". 

Not counterweighted. 

Average rate of growth, 21 rings per inch. 



Loads ap- Pounds per 
plied. square inch. 



Compression, ^^'^r^"* 



Remarks. 



Poundt, 
7.590 
37,950 


100 

500 

100 

1,000 


Inch. 
0. 
.0110 

.0245" ' 


hxeh. 








0. 
.6663 * 




75.900 
100 




113,850 


1,500 
100 

2,000 
100 


.0390 




.0008 




151.800 


.0530 




.0010 




383,000 




. intimate strength 



Fibers crushed about 8" from end, in the vicinity of knots. 
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No. 578. 



~^^^ 



iS" 



^W 



199. 



Sectional area, 7/>.3 square inches. 

Weight, 233J pounds. 

Gauged length, 100". 

Not counterweigh ted. 

Average rate of growth, 23 rings per inch. 



LomIb an- Pounds per r.«„,«-^._{^»„ Permanent 
piled.* square iiloh. ^<>mP"»»l<»n. ^^t. 



Remarks. 



Fwind». 
7,530 
37,650 


100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,037 


0. 
.0230 


Inch. 




"."o6o7 " 




75,300 


.0530 




.0011 




112,950 


.0830 






.0018 




150,600 


.1147 




.0027 




304,000 




. Ultimate strength 











Failed at a knot 18" from end of post. 



No. 579. 



failure. 




36' 



f2or/4^ 



Sectional area, 75.9 square inches. 

Weight, 240 pounds. 

Gauged length, 100". 

Not counterweigh ted. 

Average growth, 19 rings per inch. 



Loads ap- 
plied. 

PoundM. 
7,590 
37,950 


i 

. Pounds per 
square inch. 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 
, 5.264 
1 


Compression. 

Inch. 
0. 
.0160 


Permanent 
set. 

Ind^. 


Remarks 

- ■ • ■- 






.0005 


75,900 


.0876 




.0008 ! 


113,860 


.0604 




Ultimate strength. 


.0010 


161,800 


.0840 



.0010 


399,500 









Crushed fibers 36" from end. Grain of the wood wavy at this place. 
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No. 580. 



Sectional area, 75.6 square inches. 

Weight, 240 ])ouuds. 

Gauged length, 100''. 

Not counterweightcd. 

Average rate of growth, 28 rings per inch. 



/'ailure . 



y 



Loads ap- 
plied. 



Pounds per 
square inob. 



Compressioii. ^•^^"t 



Remarks. 



Powids. Inch. Inch, 

7,5«) 100 0. 

37,800 500 .0175 ! 

100 0. 1 

75.600 1,000 .0415 1 

100 0. ' 

113.400 1,600 .0068 1 

100 Ol 

151,200 . 2,000 .0913 ! 

100 j 0. 

350.000 4,620 i Ultimato stnngth. 



Crushed fibers at end of post and at knot IV from end. 



No. 584. 



fiailure. 







i6o,ta 



Sectional area, 74.6 square inches. 

Weight, 266 pounds. 

Gq;Uged length, 100''. 

I^ot counterweightcd. 

Average rate of growth, 18 rings per inch. 



Losds ap- 
plied. 



VfAundM. 

7,460 

37, 300 

I*""74,fl00 ' 

iii'wo * 

i49,2()0" 
307*506" 



; Pounds per Compression 
, square mob. ^""'f* «»"•"" 



Permanent 
set 



Remarks. 



100 
500 
100 

l,0(iO 
100 

1,500 
100 

2,000 
• 100 

4,122 



Inth. 

0. 1 


1 
Inck. 


.0182 1 




. UXOA 1 

.'0466 ■■ 

.0768 " j 


.0010 
.0017* ' 






.1080 






.0035 









IJltlmato strength. 



Failed at knots 15" and 29" from end. 
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No. 585. 

failure^ _ _ _ 

— _ N, 



# 



M 



160. la 



— zr 



Sectional area^ 75.5 square incheH. 

Gauged length, 100". 

Weight, 1^58 pounds. 

Not conuterweighted. 

Average rate of growth, 6 riugs per inch. 



Loads Afir Poundii per r«^«»,*-.»-.i«« 



pUod. 

7,5M 
37,750 

■76,*66o"' 

'ii3,'250 " 

'isi^boo ' 

'284,000 



squu-o inch. 



100 
500 
100 

1,000 
100 

1.500 
100 

2,000 
100 

3,702 



0. 
.0287 



.0700 

'.'iiw 
"iioi 



Pemianeot 
set. 



Inch, 



.0025 

".'oo«i 



BoMirkt. 



Ultimate stKngtli. 



Fibers crushed at knots 45" from end and near the middle. 
Post deflecting downward. 

No. 586. 



>-^ 



169.29 



Sectional area, 75.5 square inches. 

Weight, 336 pounds. 

Gkiuged length, 100". 

Not count^rweighted. 

Average rate of growth, 23 rings per inch. 



L«ids»p. Pounds per ^^ Permjneiit 

plied. sqaare inch. ^v"»h*«'"«""' ^t. 



PwindM. 

7.560 

37,800 

"76.'io6 

'118,406' 

'151,200 

'290,066' 



100 
500 
100 

1,000 
100 

1,500, 
100 

2,000 
100 

8,921 



a 

.0220 



ImX, 



Remarks. 



.0625 



.0635 

."ii5o' 



.0008 
'.6668" 
.'6616* 



Ultimate strength. 



Fibers crushed at knot near middle of post. 
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No. 587 



tr 






sor 



Sectional area, 75 square inches. 

Gauged length, 150". 

Weight, 318 pounds. 

Oounterweight at middle, 158 pounds. 

Average rate of growth, 24 rings per inch. 



Loads up- 
plietl. 



Pounds 

ftrsqu 

inch 



per square 
Inch. 



CompT« 
sion. 



PermftDent 
set. 



Deflections. 
HorlsontAl.' Vertical. 



Remarks. 



Pcunda. 

7,600 
87,500 

*7B*600 " 

'ii2*5ob" 
'iio,"o66" 
"ioo,'66o" 

260,000 
74,500 



100 
600 
100 

1,000 
100 

1,500 
100 

2.000 
100 



Ineh. 
0. 
.0376 



.1460 
'.20i5' 



Inch. 



0. 

0.' 

".0020 

".oosb' 



3,660 



Xneh. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



.10 
.70 



Inch, 

0. 
.05 

0. 
.06 

0. 
.08 

0. 
.11 
.01 
.17 



Ulttmate strenicth. 



Failed at a group of knots 50" ftx)m end, maximum deflection at this 
point. 

No. 588. 




Sectional area, 75.3 square inches. 

Gauged length, 150". 

Weight, 381 pounds. 

Oounterweight at middle, 190 pounds. 

Average rate of growth, 12 rings per inch. 
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Loadu ap- ^^^^^^ 1 Cornvna- 



Permanent 
set 



Fotinds. 
7,530 
37,850 

I """75,360" 

,'*ii2,"066" 



150,000 



200,000 
250,000 
300,000 
850,000 
882,000 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Inch. 
0. 


Inch. 








.0011 


.0730 




'".1126"' 


.0020 



D^fleotionB. 



Horizontal. Vertical. 



.0080 

.'ooio' 



6,073 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.02 
.04 
.08 
.15 



Failed by deflecting sideways. 



No. 589. 



Inch. 
0. 

— .02 
0. 

— .04 
0. 

— .07 
0. 

— .07 
0. 

— .00 

— .10 

— .12 

— .17 



RemarlLB. 



This post is free 
from knots; 
straight grain. 



I 
.! Ultimate strength. 




r^^ 



Sectional area, 68.8 square inclieH. 
Ganged length, 150^^ 
Weight, 339i pounds. 
Counterweight at middle^ 170 pounds. 
Average rate of growth, 21 rings per inch. 



Loads ap- 
plied. 


Foonds 


Compres- 


Permanent 
set. 




Remarks. 


100 
500 
100 

1,000 
100 

1,500 
100. 

2,000 
100 


sion. 

Inch. 
0. 
.0366 


HoriBontal. 


VerticaL 


Pounda. 
6.880 
84,400 


Inch. 


Inch. 
0. 
0. 
0. 
.01 
0. 

.03 
0. 

.04 
0. 

.08 
-.16 
— .60 


Inch, 

a 

0. 
0. 

.03 
0. 

.06 
0. 

.10 


Season cracks in 
post mnning di. 
agonaUy. 




.0016 


68,800 


.0800 


.0025 


103,200 

"iiir',m" 


.1240 




.0035 




.1688 




.0050 


0. 1 • • 


250,000 
300,000 
304,000 




.20 








.24 
.28 




4,410 






Ultimate strength. 







Failed by deflecting sideways. 

TSo. 530. 






i::^' 



Sectional area, 75.6 square inches. 
Ganged length, 200". 
S. Ex. 1 22 
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Weight, 461 pounds. 
'Oounterweight at middle^ 225 pounds. 
Straight-grainedy free from knots. 



Loads ap- 
plied. 



Pounds. 

7,560 

37,800 



75.600 



113,400 



151,200 
160,000 
170,000 
180,000 
189,000 
200,000 
210, 000 
220,000 
230,000 
240.000 
250,000 
260.000 
270.000 
280, 000 
287,000 



Pounds 

per square 

inch. 



100 
600 
100 

1,000 
100 

1,600 
100 

2,000 



2.50O 



Compres- 
Hion. 


DoflectiouR. 
Pennaneut , 
Het. - -- , 




•HorizontaL 


Vertical. 




.'_ 





Inch. 
0. 
.0422 



Inch. 



.0958 



.1515 



.0009 



.0012 



3,796 



Inch. 

0. 
.01 

0. 
.04 

0. 
.09 

0. 
.14 
.15 
.17 
.19 
.20 
.22 
.26 
.26 
.32 
.35 
.41 
.40 
.65 
.95 

LOO 



Inch. 

0. 
.01 

0. 
.03 

0. 
.05 

0. 

.07 
.08 
.10 
.10 
.10 
.11 
.12 
.12 
.18 
.14 
.15 
.16 
.19 



Reniarks. 



. 24 I Ultimate strength. 



Failed by horizontal deflection. 

Strains continued, increasing the deflection to 3'^05 at middle, 
nates now measured each 20" to show the curve of flexure. 



Ordi- 




No. 531. 






.>^ 



Sectional area, 74.3 square inches. 
Gauged length, 20(F'. 
Weight, 410 pounds. 
Counterweight at middle, 225 pounds. 

Post has 18 knots from f" to 2'^ diameter. Initial bend in stick before 
dressing down from size 8" x 10": Vertical, +".25. 
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Loads ap- 


Founds 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 


Compres- 
sion. 

Inch. 
0. 
.0510 


Permanent 
set. 

Inch. 


Deflections. 


Remarks. 

1 


pUed. 


Horizontal 


Vertical. 


roundg. 
7,430 


Inch, 

0. 

0. 

0. 
.01 

0. 
.02 

0. 
.03 

0. 

.03 
.04 
.04 
.04 
.04 


Inch, 
0. 

— .03 
0. 

— .04 
0. 

— .06 
0. 

— .06 
0. 

— .06 

— .06 

— .07 

— .07 

OR 




37,150 




.0005 


74,300 


.1095 




.0010 


111, 450 


.1602 




.0027 


148>600 


.2300 






.0038 




160,000 






170,000 


• 








180,000 


1 









190,000 










200, 000 


1 









210,000 


! 






.05 , — . 09 
.05 i — . 00 
.07 ; 10 




220,000 
230,000 










Ultimate strength. 


240, 000 









.00 
.12 
.18 
.32 
.82 


— .10 

— .12 
--.15 

— .20 

— .24 


250,000 


; 






260,000 









270,000 









275,000 


i 8.701 














Failed at some knots 70^^ from the eud. 
oped at this point. 

No. 532. 



Maximum deflection devel- 



Sectional area, 73.7 square inches. 

Gauged length, 2W. 

Weight, 391 pounds. 

Counterweight at middle, 225 pounds. 

Post f " winding before dressing down from size 8^' x 10'^ 

Oross-grained stick ; season cracks take diagonal direction. 



, Loads 
I applied. 

1 



Pound*. 

7,370 

36,850 

"73,' 700 I 



I 110,550 



147. 400 
160, 000 
170, 000 
180, 000 
19U, 000 
200, 000 
210. 000 
220,000 



Pounds 
per 


Compres- 
sion. 


Perma- 
nent set. 


Deflection. 




sqaare 
inch. 


Horizontal 


Vertical. 


100 


Inch. 
0. 
.0515 


Inch, 


Inch. 
0. 

— .02 


— .06 
0. 

— .10 
0. 

— .19 

— .22 

— 26 

— .32 

— .36 

— .48 

— .66 
—1.08 


Inch, 

0. 
.04 

0. 
.10 

0. 
.16 

0. 

.25 
.29 
.31 
.35 
.40 
.43 
.48 
.64 


Ultimate strength. 


.500 




lUO 


"h: 


1 000 


.1100 
.1865 




'100 

1,500 

100 

2,000 


.0005 




.0010 






















2,985 









Failed by horizontal and vertical deflection. 
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No. 542. 




Jiso.go 

Sectional area, 75.1 square inches. 
Gauged lengtli, 200''. 
Weight, 601 pounds. 
Counterweight at middle, 250 pounds. 



Loads 
appUed. 


Founds 

per 
square 
inch. 

100 
500 
100 

1,000 
100 

1,600 
100 

2,000 
100 


Compres- 
sion. 

0. 
.0490 


PermAr 
nent set 

Inch, 


Deflection. 


Remarks. 

• 

V 


HorisontaL 


Vertical 


Powidt. 
7,510 
37,550 

"'75,'ioo' 

"'ii2,'660' 


Inch, 
0. 


Inch. 
0. 


: 




— .01 0. 
0. 0. 

— .05 0. 
0. 1 0. 

— .09 0. 
0. 1 0. 

— .12 .02 
0. 0. 

— .15 .03 

— .17 ' .04 
-.20 .05 

— .24 ' .06 

— .30 .08 

— .38 .10 

— . 61 , .12 


1 


0. 




.1088 


: 


.0010 


i 


.1710 




.0030 




150,200 


.2332 


1 


.0053 




160,000 
170,000 
180,000 





• 








1 




190,000 






200,000 
210.000 
220,000 
225,000 


1 




j 








j 








1 


2,996 






Ultimate strength. 











Failed rapidly by horizontal deflectloa when the maximam load^wa» 
reached. 

No. 543. 




1 



Sectional area, 74.8 square inches. 
Gauged length, 200". 
Weight, 501 pounds. 
Gounterweight at middle, 250 pounds. 



Loads ap- 
plied. 



Pouii^. 
7,480 
37, 400 



Pounds Compres- Permanent 
^VcF'"'' •^^^ i-ermaneni 



74.800 



112, 200 



149, 600 



160.000 
170,000 
180. 000 
190, 000 
200, 000 
210,000 
220, 000 
220, 500 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Inch, 
0. 
.0448 



.1040 
.1666' 
.2296* 



Iwih. 



Deflections. 



Horizontal.! Vertical. 

I 



Remarks. 



— . 0005 

'"6." 

"".6020' 
""""'6650' 



2,948 



Inch. 


Inch, \ 


0. 


0. 


.01 


.02 


0. 


.01 


.06 


.04 


0. 


.01 


.10 


.04 


0. 


.01 


.20 


.04 


.01 


.01 


.22 


.05 


.20 


.05 


.31 


.06 


.40 


.06 


.50 


.07 


.74 


.(r9 


l.Ou 


.13 


2.10 


A.\ Ultimate Strength 



Faile<l by horizontal deflection. 
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No. 644. 



:2-. 



^80722 

Sectional area, 75.1 square inches. 
Oauged length, 200''. 
Weight, 660 pounds. 
C/Ounterweight at middle, 280 pounds. 



Loads ap- 
I pUed. 



Poanda 

I per aqiiare 

inch. 



7,510 
87,550 , 


100 
500 
100 


75,100 ! 

'lii'eso ' 


1,000 
100 

1,500 
100 


150,200 


2,000 
100 



160,000 
170, 000 
180.000 
190,000 
200,000 
210,000 
220,000 
230,000 
240,000 
250,000 
200,000 
270,000 
280,000 
290,000 
298,000 



Comprea- 
aion. 


Permanent 
aet. 


Inok. 
0. 


Inch. 


.0412 







0. 


.0900 




.0004 


.1400 




.0018 


.1004 





3,968 



.0030 



Deflootiona. 


orizontal 


! VerticaL 


Tneh, 


Ineh. 


0. 


0. 


0. 


— .05 


0. 


0. 


- .02 


— .08 


0. 


0. 


— .05 


- .11 


0. 


0. 


— .06 


-.16 


0. 


0. 


— .07 


- .16 


— .07 


— .18 


-.07 


- .19 


— .07 


— .20 


- .07 


-.20 


- .07 


— .21 


— .07 


— .22 


-.07 


- .23 


— .07 


- .24 


- .07 


— .26 


— .07 


— .26 


-.02 


- .27 


+ .02 


- .29 


- .16 


— .80 



Bemarka. 



Ultimate strength. 



Failed by deflecting sideways. 




No. 527. 

."so J c 

-^ — 



suo^ao 

Sectional area, 70 square inches. 
Weight, 631 pounds. 
Gauged length, 300". 
Counterweight at middle, 300 pounds. 

Initial deflection before stick was dressed down from 8" x 10" : Ver- 
tical. - ".50. 



Loads ap- j 



Pounda 



p«««-" r'ta'cT"' 



Compres- PerniHnent 
aion. I at 



Beflectiona. 



Horizontal.' Vertical 



Remarks. 



Powndt. 
7.000 
35, 000 



70,000 

'i66,'ooo" 



140, 000 
210,000 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 

3,000 



0. 


lW!h. 


.0625 






0. 


.1428 


.0008 


.22i8 






.0012 















Inch, 
0. 

- .02 
0. 

- .07 
0. 

- .10 
0. 

- .n 



I'Mh. 

0. 

- .02 
0. 

- .10 
0. 

- .16 
0. 

- .23 

- .50 



Ultimate strength. 
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No. 528. 






HSO. S9 



Sectional area, 70.4 square inches. 
Weight, 627 pounds. 
Counterweight at middle, 300 pounds. 
Gauged length, 300''. 



Loads ap- 
plied. 



I Pcundt. 
I 7.140 
I 35,700 



t 



71,400 



107,100 



142,800 
178,600 
205,000 



Founds 

per square 

incn. 



101 

507 

101 

],014 

101 

1,521 

101 

2,028 

2,685 

2.013 



Compres- 
sion. 



Permanent 
set. 



Deflections. 



HorlMintal. Vertical. 



Inch. 

1 0. 


Inch. 


1 .0603 






0. 


'" '.'iiio'"' 




1 


.0015 


. 2170 




1 


.0030 






1 


':::::*:;;::;^::;;::::::: 



Inch, 


Inch, 


0. 


0. 


- .05 


- .03 


0. 


0. 


- .10 


- .00 


0. 


0. 


- .18 


- .14 


0. 


0. 


- .30 


- .18 


- .00 


- .25 


-2.56 


- .40 



No. 629. 



Bemarks. 



intimate strength. 



m 



Sectional area, 66.7 square inches. 
Weight, 635 pounds. 
Gounterweight at middle, 300 pounds. 
Gauged length, 300''. 

Initii|.l deflection before stick was dressed down from size 8" x 10": 
Vertical, + 1".26. 



' I*®*^ *P- I w*2Si're t Compres- ! Permanent !_ 
! pUed. P*taSL^ ■^**'»- »«*• 



Deflections. 



Poundit. 

8,670 

33,350 



66^700 

'ioo.oio* 



183,400 
140,000 
150.000 
160.000 
166,750 
180,000 
184,500 



100 
500 
100 

1,000 
100 

1,600 
100 

2,000 



Remarks. 



Horisontal.l Vertical. | 

_- -L . _ _ i 



Inch. 
0. 
.0680 



Inch. 





0. 


.1588 


' 0. 


.2519 








.0020 



2,500 



Inch, 


Inch. ' 


0. 


0. 


.01 


0. 


0. 


0. 


.03 


- .09 


0. 


0. 


.07 


- .20 


0. 


0. 


.08 


- .38 


.08 


- .45 


.10 


- .63 


.11 


- .70 


.15 


- .80 


.38 


-1.16 


Ab't2.20 


Ab't-L50 



TTltimate strength. \ 



Failed by deflecting sideways and downward. 
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No. 711. 



jaeTaa 



Sectioual area, 87.4 sqaare inches. 

Gauged length, im". 

Weight, 375 pounds. 

Average rate of growth, 12 rings per inob. 



Deflections. 



Loads ap- Poonda per; Compres-' Pemia- 
plied. square inch. I aion. nentset. 



Poundt. 
0. 
43,700 

*"*86,*6oo" 

100,000 
140,000 
180,000 
200,000 
220,000 
230,000 
240,000 
250,000 
200,000 
270,000 
280,000 
290,000 
800,000 
310, 000 
320, 000 
330,000 
840,000 
840,000 





500 





Inch. 
0. 
.0401 



Inch. 



.0004 



Horizon- 
tal. 



Inch. 
0. 
.03 



Verti- 
cal, W. 



Jneh. 
0. 
.01 



Verti- I 
oal,B. , 



Inch. 

0. ! 
- .00 



i;::::::;;;;;!;:::::::::i:::::::::: 






' 


■ 










1 




1 




1 








3,W8 j 


1 



.03 i 
.03 I 
.03 ' 
.03 • 
.03 j 
.01 I 
.01 

0. 

0. 

0. 

0. 

- .01 I 

- .01 I 

- .02 ! 

- .05 I 

- .07 

- .11 I 

- .20 

- .52 



.02 
.06 
.00 
.10 
.12 
.13 
.14 
.14 
.14 
.15 
.15 
.15 
.16 
.16 
.17 
.10 
.20 
.20 
.20 



I -.10 



.12 



- .15 



Remarks. 



Ultimate strength. 



Failed by horizontal deflection, minus direction. 



No. 712. 



—•> 



Sectional area, 87.7 square inches. 

Gauged length, 15(y^ 

Weight, 397 pounds. 

Average rate of growth, 21 rings per inch. 

Stick injured by wind-shakes. 
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LoadA ap- 
pUed. 


Pounds per 
square inch. 



500 




Compres- 
sion. 

Inch. 
0. 
.0370 


Perma- 
nent set. 

hieh. 


Horizon- 
tal. 

Inrh. 
U. 
0. 


sneciion* 

i Verti- 
.cal.W. 

Inch. 
0. 

1 •«» 


1. 

Verti- 
c.l,E. 


Bemorks. 

1 

1 - 


Potmdt. 



Lteh. 


1 


43,850 








0. 




80,000 




0. 

- .01 

- .01 

- .02 

- .04 

- .06 

- .05 

- .06 

- .10 

- .11 

- .17 

- .24 

- .33 


.08 
t .10 
.10 
.11 
.11 
.12 
.12 
.12 
.13 
.14 
.14 
.15 
.15 


-'.05 



' - .05 



:::::::: 

1 




100,000 










140, 000 
180, 000 


















200,000 
220,000 












1 


r 











) 


260,000 










280,000 
300,000 


















310,000 










820,000 










830,000 










839,000 


8.865 







1 Ultimate strenictli. 

















Failed by horizontal deflection, minns direction. 



No. 713. 




/ao. 



Sectional area, 87.6 sqaare inches. 

(Ranged leniirth, 150'^ 

Weight, 382 pounds. 

Average rate of growth, 16 rings per inch. 



Loads ap- i Pounds per 
plied, isqnarelncli. 



Pounds. 


43,800 



80, COO 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
250,000 
200,000 
'270,000 
272,500 



U 

500 





Compres- 
sion. 



Jneh. 

0. 
.0524 



Perma- 
nent set 



Inch. 



.0006 





Horison- 

tal. 


Verti- 
oal,W. 

Inch. 
0. 
.01 


Verti- 
cal, B. 


Inch. 

0. 
-.13 


Inch. 
0. 




- .15 

- .17 

- .21 

- .28 
, - .81 


- .01 

r- .02 

- .02 




"o. * " 

'"."05" 



Remarks. 



8,111 



- .87 

- .43 

- .50 

- .61 

- .08 
-1.17 



- .02 

- .02 I 

- .02 I 

- .04 
-.08 



Ultimate strength. 



Failed by horizontal deflection, minns direction. 
Fibers crushed at a knot at middle of post. 
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No. 484. 




1SQ."2S 



Sectional area, end, 109.4 square inches. 
Sectional area, middle, 111.3 square inches. 
Gauged length, 160^'. 
Weight, 432 pounds. 



Loads ap- 
plied. 



10,000 

50.000 

10,000 

100,000 

10,000 

150,000 

10,000 

180,000 

200,000 

10,000 

220.000 

240,000 

260.000 

270,000 



Pounds per 


Compres- 
sion. 

0. 
.0380 


Permanent 
sot. 


Deflections. 


square Inch. 

i 
1 


Horizontal. 

0. 
0. 
0. 
0. 
0. 

+.:«^ 

.02 
.02 

0. 
.02 

0. 
-.08 


Vertical. 
0. 






0. 




.0005 


0. 




.1080 


- .02 




.0015 


0. 




.1685 


- .05 




.0018 


0. 


i::;' 


.2060 
.2832 


— .05 






- .05 




.0040 


0. 




.2605 
.2010 
.3270 


— .07 






T- .10 






- .16 


2,468 







Remarks. 



Slight snapping 
sonnds. 



Ultimate strength. 



. Sustained maximum load about one minute. 

Failed by horizontal deflection. Concave side having large knot 
near the middle of the post, the heart being 2" from concave side at 
one end; opposite end does not have heart in it. 

The location of the heart was probably 2" beyond edge of stick. 
Post was sawed obliquely with axis of tree running out ^" in 15 feet; 
160 rings of yearly growth in 10". 

Bapid growth during the first years; 6 rings in 1" at center. 

Time of test, one hour. 



Xo. 708. 



^^ 



:\. 



1 



ISO." 



Sectional area, 102.5 square inches. 

Gauged length, 150''. 

Weight, 464 pounds. 

Average rate of growth, 17 rings per inch. 
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I)efle(!tions. 



Loads ap- . Pounds per , Compres- 1 Permo- 
plied. sqaareiQch.i sion. nent set. 



Remarks. 



Pounds. 

51,250 

"io',m 

100, 000 
140,000 
180, 000 
200, 000 
240,000 
260,000 
280,000 
300.000 
32>),000 
840,000 





500 





Inch. 
0. 
.0440 



Ineh, 



.0005 



3,317 



Horizoii- 


Vorti- 


Verti. 1 


tal. 


cal, W. 


cal,E. 


Inch, 


Inch. 


Inch. 


0. 


0. 


0. 


-.02 


0. 




- .02 


0. 


1 


- .02 


0. 




- .06 


.01 




- .08 


.01 




- .10 


.02 


! --^ 


- .13 


.02 




- .16 


.02 





- .20 


.02 


1 


- .26 


.02 




- .38 


.02 




- .60 


.08 









Ullimate strength. 



Failed at some knots at middle of post. 

Xo. 709. 




Sectional area, 103.2 square inches. 

Gauged length, 150''. 

Weight, 557 pounds. 

Average rate of growth, 18 rings per inch. 



I Loads ap- 
, plied. 



Pounds. 



51,600 

*80,*000' 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
800,000 
320, 000 
330,001) 
340,000 
350,000 
360,000 
370,000 
380.000 
390, 000 
400,000 
410,000 
420,000 
430,000 
440.000 
4ri0, 000 
455, 000 



i Pounda icomprefl- 





500 





Inch. 
0. 
.0670 



Compres- 
sion set 



Inch. 



Deflections. 



.0008 



Horizon- 
tal. 



Inch, 

0. 
- .06 



.05 
.05 
.04 
.03 
.02 
0. 

— .01 

— .02 

— .05 

— .05 

— .06 

— .07 

— .07 

— .08 

— .09 

— .11 

— .13 

— .15 

— .18 
21 

— .27 
40 
62 






Verti- Verti- i 
caJ, W. cal, £. I 



Inch. Inch. 

0. 0. 

— .09 —.05 



Seniarka. 



- .09 

- .00 

- .09 

- .09 

- .09 



— . 09 I — . 10 



— .ooi 

— .09 

— .09 i 

.09 

.10 ; 

— . 10 I — . 13 

— .10 

— .10 I 

— .10 

— .10 ; 

-.10 1 ; 

— . 10 i Ultimate strength. 



i _ 
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Failed by horizontal deflection, tninus direction. 
Horizontal deflection increased to — 3'^30 ; fibers of stick crashed at 
1'' to 6J'' from end. Grain straight. 

No. 710. 




'<v-^ 



Sectional area, 103.2 square inches. 

Ganged length, ISO''. 

Weight, 491 pounds. 

Average rate of growth, 18 rings per inch. 



Loads ap- 
pUed. 



Pounds. 

51,800 



^i^''-"o^o"- 



Permar 
nent set. 



DefleotioiiB. 



Hoiison- Vertl- 
tal. cal, W. 



80,000 
100,000 
140,000 
180.000 
200,000 
240,000 
280,000 
300,000 
340,000 
860,000 
380,000 
400,000 
420,000 
480,000 
432,000 



: Inch, 
0. 
500 , .312 



Inch, 


.......... 




1 


' 1 


::::;::::::. :;::;;::::i:::::::::: 








:;::::::::::::::::::::i:::::::::: 




, i 






1 




1 




1 




4186 ' 





Inch. 

0. 
— .06 



— .06 

— .06 

— .06 

— .06 

— .06 

— .06 

— .07 
-.08 

— .09 

— .10 

— .11 

— .16 

— .26 

— .87 



Inch. 
0. 
.02 



.02 
.02 



Verti- 
oal,£. 



Inch, 
0. 



Remarks. 



.06 
.06 
.07 

.08 

.08 I — . 02 

.08 

.09 

.09 

.10 

.10 

.11 



— .oe 



— .50* Ultimate strength. I 



*Aboat. 



Failed by horizontal deflection, minus direction. 

Horizontal deflection increased to 3''.20, slightly crushing fibers 29'^ 
ftora south end, where stick appeared weakened by shakes and seam 
cracks. 

No. 641. 




:^ 



1S0JO 



Sectional area, 134 square inches. 

Weight, 661 pounds. 

Gauged length, 160''. 

Average rate of growth, 6 rings per inch. 
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Loa4fi ap- 
plied. 



Pounds. 

18,400 

67,000 

107,200 

134, 000 

"iso.ooo" 

160,000 
170,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
800,000 
320,000 
340,000 
360,000 
380.000 
400,000 
410,000 
420,000 
425,000 
428,000 



pe^Tul"re ^ompve^ Permanent 



Deflections. 



Inch. 
100 0. 
500 .0380 
800 .0663 
1, 000 .0851 
100 



Inch. 



.!. 





:::;:::::::: 






i 









1 






1 






, 














































1 


3,194 















Hcmarks. 


ritontal 


' Vertical. 




Inch. 


iMh. 




0. 


0. 




0. 


0. 




0. 


.01 




0. 


.01 




0. 


0. 


, 


0. 


.03 




0. 


.04 




0. 


.05 




0. 


.05 




0. 


.05 




0. 


.05 




0. 


.05 




0. 


.05 




0. 


.06 




0. 


.08 




0. 


1 .08 




.01 


.09 




.01 


.00 




.02 


.00 


• 


.04 


.09 


j 


.06 


i '^ 


1 


.10 


' .07 


1 


.18 


.05 




.18 


i -^ 


Ultimate strength. 



Failed by crashiDg fibers at middle and 40" from end in the vicinity 
of knots. 

2^0. 671. 




J6of& 



Sectional area, 133 square inches. 

Ganged length, 15(K'. 

Weight, 685 pounds. 

Average rate of growth, 12 rings per inch. 



Loads 
applied. 


Pounds 



500 



Com- 
pression. 

0. 
.0612 


Perma- 
nent set. 

IWik, 


Deflections. 


Hori- 
cental. 

JncA. 

0. 
- .01 


Verti- 
cal,W. 

IwHi. 
0. 
0. 


Verti- 
cal, E. 


PowidM. 



IfUh. 
0. 


66.800 




0. 


.0006 




80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260.000 
280,000 
800,000 
320,000 




- .oi 

- .02 

- .02 

- .08 

- .04 

- .05 

- .05 

- .06 

- .07 

- .07 

- .08 

- .00 

- .11 

- .15 

- .20 

- .40 

- .88 


0. 

.01 
.01 
.02 
.03 
.03 
.04 
.05 
.05 
.05 
.06 
.06 
.06 
.07 
.08 
.08 
.08 


0. 








.01 

























.01 









































.01 








........ 


840,000 
300,000 


: 1 













380,000 










400,000 








.01 


420, 000 










425, 000 


3,181 












Bemarks. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 34ft 

Failed by horizontal deflection, minus direction. 

When horizontal deflection had reached about — V'.35y a chalk-line 
was laid off on stick and ordinates measured every 12'^, showing the curve 
of flexure as per the following sketch : 

^ .^ *« 5 ,5 *| ^« *^ ^ •^ .? *3 .« .^ .2 ^ 



No. 672. 




Sectional area, 132.8 square inches. 

Gauged length, 15(y^ 

Weight, 678 pounds. 

Average rate of growth, 13 rings per inch. 



Loads 
applied. 



Poundi, 

06.400 

e 

80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
260,000 
280,000 
300,000 
820,000 
340,000 
360,000 
380,000 
400,000 
410,000 
420,000 
430,000 
440,000 
450,000 
400,000 
470,000 
480.000 
490. OOO 
600.000 
510,000 
520. 000 
526,000 



Pounds 

per sqiiare 

Inch. 





500 





Com- ; Permar 
prpssion. , nent set. 



Ineh. 
0. 
.0535 



Inch. 



8,061 





Hori- 


Verti- 


VerU- 


Eontal. 


cal,W. 


oal,E. 


Jneh. 


Jneh. 


Ineh. 


0. 


0. 


0. 


- .01 


0. 1 

1 


- .01 


0. 


— .01 


0. 
0. 




- .01 




- .01 


1 


- .01 


0. 


- .02 


- .01 


0. 




- .01 


0. 




-.02 


0. 




-.08 


0. 


- .04 


- .08 


0. 




- .03 


0. ; 


- .03 


0. 




- .03 


0. 




- .04 


- .01 


- .07 


- .05 


- .01 




- .05 


- .02 




- .06 


- .02 




- .05 


- .03 




- .05 


- .03 




- .05 


- .03 




- .06 


- .05 




— .05 


- .06 




- .04 


- .07 




- .03 


- .00 


- .17 


- .01 


- .11 




+ .01 


- .15 





.25 


- .20 





Remarks. 



Ultimate strength. 



Failed by horizontal deflection, plus direction. 
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No. 485. 



I 



o 'f'9 holes. 



<s35^ 



er]^^ 



IHO.SP 



Sectional area, 107.7 square inches. 

Weight, 434 pounds. 

This stick taken from built post No. GDI, which was tested March 11, 
1881. It failed at the knot near middle in the original .test, under 3,070 
pounds per square inch compression. 

The test was discontinued soon as the maximum load was passed, and 
the stick placed in the storehouse to season. Allowed to season thirteen 
months and then tested. 



LoadH 
applied. 



10,000 
50,000 
100,000 
120.000 
120, 000 
130, 000 
130, 000 
140, 000 
U0.000 
150,000 
160,000 
160.000 
160,000 
165,000 
170, 000 
175, 000 



Pounds r^^^^.^^ 



inch. 



JiM^ 



1,625 



Permanent 

8*t. 



Deflections. 



Inch, 



'Horizontal Vertical 



Inch. 

0. 

.OS 
.40 



Inch.. 
0. 

.02 
0. 



.62 


0. 


.70 


0. 


.80 


0. 


.00 


0. 


1 .92 


0. 1 


1 LOO 


0- 


' 1.10 


0. 1 


1.23 


0. 1 


1.85 


0. 


1.60 


0. 


1.56 


0. 


1 1.70 


0. 


1 1.90 





Romarkfl. 



Sustained load 5 \ 

minutea. 
Sostained load 5 

minutes. 
Sustained load 3 ; 

minntes. 
Sustained load 5 ! 

minutes. 
Sustained load 5 

minutes. 

I 
Ultimate strength. 



Sustained maximum load momentarily. 

Failed by horizontal deflection; concave on the side having the knot. 
Fibers crushed at middle knot and opened longitudinal crack. 
Time of test three-quarters of an hour. 

ISo. 486. 




Sectional area, 146.2 square inches. 
Gauged length, 160^'. 
Weight, 705 pounds. 

Second test of post No. 714. Ultimate strength found by the first 
test, 456,000 pounds=3,180 pounds per square inch. 
Bested in storehouse thirteen months, and again tested. 
Grain of specimen oblique to axis. 
Post free from knots. 
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Loads ap- 
pUed. 



Ponnda 
Braqi 
inoti 



peraqoare 
Inon. 



Pound*. 

10,000 

50,000 

10,000 

100,000 

10,000 

200,000 

10,000 

220,000 

240,000 

260,000 

280,000 

300,000 

300,000 

320,000 

340,000 

340, 0«0 

360,000 

380,000 



Comprea- 
aion. 



Inch, 
0. 
.0265 



Permanent 
aet. 



Inch. 



Deflections. 



Hoiiaontal. yexticaJ. 



Kemarks. 



.0640 



.1520 



.0010 



2.617 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Inch, 

0. 
+ .02 

0. 
.10 

0. 
.25 

0. 
.30 
.30 
.35 
.40 
.46 
.50 
.55 
.65 
.70 
.75 
.85 



Snapping sonnds 



Snatalned load 5 
minutea. 

I Sastained load 8 

I minutes. 

I Ultimate strength. 

I 



Sustained maximum load momentarily, then opened cracks rapidly 
as the pressure was gradually allowed to fall. 

The longitudinal cracks were oblique with axis of post at an angle of 
about 50. 

The development of the cracks began at 200,000 pounds. 

No. 487. 



.sS 



9 



Sectional area, 106.9 square inches. 
Gauged length, lOO'', 
Weight, 450 pounds. 
Initial bend, ''.44 5 1 sine. 
Post free from knots. 

This post was tested March 11, 1881, at that time sustaining 317,000 
pounds = 2,795 pounds per square inch. 

Second test made after rest of thirteen months nine days. 



Loads ap- 
plied. 



Poundi. 

10, 000 

50.000 

10, 000 

100,000 

10.000 

150.000 

10,000 

200,000 

10,000 

220.000 

240, 000 

240, (too 

200. DUO 

270.000 

280, om> 

290. 000 
iUH), 000 

.ior>. 000 

305. 0«i(» 
310, 000 



Pounds Compres- ' Peimanent i 
pera^^nare. ^^PJ** | *"™^°^ 



Deflections. 



incn. 



HoriaontftL Vertical. 



Inch. 
0. 



.0690 



.1120 



Inch, I 



.0016 



1 


.0040 


, ; .iioo 




1 .... :T... 


.0080 


1 








t 











Inch. 
0. 
0. 
0. 

- .10 
0. 

- .20 

- .04 

- .30 

- .07 

- .4i 

- .48 

- .50 

- .60 

- .65 

- .72 

- .80 

- .90 
-1.05 
-1.25 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.06 

0. 

.10 
.15 
.15 
.15 
.15 
.20 
.20 
.20 
.20 
.25 



Remarks. 



2,900 



Sastained load 
minutes. 



; Snntained load 5 ' 
: minotea. 
Ultimate atrength. I 
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Sastaiued maximum load about five iiiiDutes, yielding laterally in the 
mean time, following the direction of the initial bend; convex on heart- 
side of post. 

Time of test three-quarters of an hour. 



C0MPRESSI0:N^ tests of yellow pine— (Continued). 

Single Sticks and Built Posts. 

No. 673. 



-V — ^- 



if 



iBa'da 



Sectional area, 46.4 square inches. 

Ganged length, 150'^ 

Weight, 260 pounds. 

Average rate of growth, 11 rings per inch. 



Loads ftp- 
pUed. 



Pot/ndf. 


23,200 


30,000 
40,000 
^.000 
^.000 
70. GOO 
80,000 
IK), 000 
100,000 
110,000 
120,000 
130,000 
140,000 
142,200 

120,000 



PovDds 
persqoftre 



L 



Deflections. 



Compres-j Compres-- 
slon. |»ionset.|H^^i^^^. 

I tftL 



I 



Verti- I Verti- 
cal, W.! caLE. 



Kemarks. 



North end of stick 
very resinona. 



I ImK. ' Inch. Inch. Inch. Inch. 

0. i 0. 0. 0. 0. 

500 .0370 ♦- .01 

.0028 , i. 

' - .01 

I -.01 

- .01 

- .01 

.1 -.01 

•I - .01 

I , - .03 

.... - .06 

- .09 

- .13 

- .22 

- .50 
-,- - .95 

Failed by horisontal deflection, minns direction. 
j 2,686 I I I -2.50 I ' Sudden defleotton in- 

I I I ' i 



i 


1 1 


. iofls 1 1 



Inch. 
0. 
0. 



.01 
.02 
.03 
.06 
,07 
.09 
.10 
.11 
.12 
.13 
.13 



.04 



- .08 



Ultimate strength. 



creasing —5". 



Specimen No. 673a, 20'' long, cut from north end of stick. 
Specimen No. 673fc, 20" long, cut from south end of stick. 



Specimen. Weight. I Size. 



ff78a 
673d 



Pounds. 
13 

7i 



! nMmat« strength. 

, Sectional , — 

, area. ; Pounds 

! Actual. ' per square ; 

inch. I 



hxches. 
4.01x4.01 
3.95x3.97 



Remarks. 



?g. inchet. ; 
16.08 
15.68 



Pounds. 
94.000 
99.600 



5,846 
6, 352 



Fibers crushed. 

Fib era crushed; 
small rent in ' 
H p e c i m eo at 
comer not af- 
fecting over 5 ■ 
per cent, of eec- 
lional area of 
stick. 
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^o. 674. 



isor 



Sectional area, 52.3 squai^e inches. 

Gauged length, 160''. 

Weight, 233 pounds. 

Average rate of growth, 17 rings per inch. 



; Loads ap- 
' plied. 

i 


Foonds 

per square 

inch. 



500 




Compres- 
Bion. 




Deflections. 




sionaet. 


Horizon- 
tal. 


Vertl. 
cal,W. 


Vertl- 
oal,£. 


Bemarks. 



26.150 


Inch. 
0. 
.0492 


0. 


0. 
- .07 


Inch. 

0. 
- .03 


IWih. 

0. 
- .04 




.0003 


80,000 




- .09 

- .10 

- .11 

- .14 

- .17 

- .20 

- .25 

- .32 

- .41 

- .68 
-1.00 


- .03 

- .03 

- .03 

- .04 

- .05 

- .00 

- .07 

- .08 

- .09 

- .09 

- .10 




40,000 
60,000 
60,000 








'-";*!J 








1 




70,000 
80,000 












90,000 




...1- 


100, 000 








110,000 









120,000 


::;;;:::::::i:::::::::: 




180,000 
131,500 

110,000 


1 -. 






tJltimate strength. 

Sadden spring, in- 
creasing horizontal 
deflectionto-5". 


2,515 

F 






—1.30 — 12 




died by horizontal di 


^flection, n 
-3.30 


linuH direction. 


















No. 675. 



''*;^ X90? 

Sectional area, 50.3 square inches. 

Gauged length, 150". 

Weight, 194 pounds. 

Average rate of growth, 22 rings per inch. 

8. Ex. 1 ^23 
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Loads ap- 
plied. 



Poanda 

per aauare 

inch. 



! Poundg. 
I 

I 26.150 



80,000 
40,000 
60,000 
60,000 
70,000 
80,000 
90,000 
100,000 
110,000 
120,000 
121,200 




600 



Compres- 
aion. 



Inch. 
0. 
.0400 



I 



DeflectioDB. 



Compres- 

"«°««<^- Horizon- 
' tal. 



Ineh. 



.0006 



Inch. 
0. 
.01 



2,410 



.02 
.02 
.03 
.04 
.05 
.07 
.10 
.16 
.24 
.65 
.90 



Verti- 
cal, W. 



Ineh. 
0. 
0. 



Verti- 
cal. E. 



Inch. 
0. 



Remarka. 



0, 
0. 
0. , 

- .01 

- .02 

- .02 



- .04 I 

- .06 : 



.01 



.05 



— .06 I Ultimate strength. 



Failed by horizontal deflection, minus direction. 

SJcetoh showing of flexure, ordinates measured every 12", 



»^ «^ 






"X 






.5 



No. 490. 




ZSO'l 



Sectional area, 61.1 square inches. 
Weight, 269 pounds. 
Gauged length, 160". 
Post free from knots. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

10,000 

60,000 

80,000 

100,000 

10,000 

120, 900 

140, 000 

150.000 

10,000 

10,000 
10,000 
160,000 
180, 000 
200, 000 
10,000 
230, 000 
230,000 

230, 000 
10, 000 



Pounda 

per sqoare 

inch. 



Deflectiona. 



3,764 



Compres- 
sion. 



Ineh. 

0. 

.0140 
.0416 
.0670 



Compres- 
sion set. 



Inch. 
0. 



Horizontal. 



.0708 
.0905 
.1318 



.0010 



.1616 
.1900 
.2070 



.2524 
.2873 



.0060 



.0050 
.0040 



Inch. 
0. 
0. 

— .01 

— .02 
0. 

— .02 

— .02 

— .03 
0. 

— .04 

— .04 

— .05 



.0008 



— .05 

— .05 

— .05 
0. 

-f .01 
-hi. 30 

+1. 80 
-h .40 



Vertical, 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Remarks. 



Snapping sound 
heM^,- sliver 
starting off at 
edge. 

Rested 2 minutes. 

Rest^ 6 minutes. 



Ultimate strength. 

After sustaining 
load 4 minutes. 

Maximum deflec- 
tion. 
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Time of test, one hour. 
Failed by horizontal deflection. 

Deflections changed in direction horizontally when the maximam load 
was reached. 
Failing finally by bending concave on the heart-side of the post. 



No. 670. 




/'Cbres crusi^ted. 



i^-- 



r 



iBo: 



Sectional area, GG.3 square inches. 

Ganged length, 160''. 

Weight, 309 pounds. 

Average rate of growth, 12 rings per inch. 



Loads ftp- 
plied. 



Vound». 


33,150 



."iO.OOO 

70.000 

90,000 

100,000 

120.000 

140,000 

150,000 

180,000 

170,000 

180,000 

190,000 

200.000 

206,900 



Pounds 

per square 

iuch. 



Deflections. 



Compres- Compres- 
sion. . ftion set. 



Horizon- Verti- Vertl- 
tal. cal,W. cal,E. 



Remarks. 






0. 


liXCh. 


500 ! MfSfi 









.0005 






































::;;:::::::::::::::;■ 1:::::::::: 






3.106 


!...: : 



Inch. 
0. 
0. 



Inch. 

0. 
— .04 



— .01 


— .06 




-.02 


— .09 




-.02 


— .11 




— .02 


— .11 


.10 


0. 


- .15 




.02 


-.18 




.04 


-.20 


.15 


.07 
.10 


= :i? 






.13 


- .23 





.18 


— .25 




.31 


— .28 


.23 


.70 


- .29 





Inch. 
0. 



intimate strength. 



Failed by horizontal deflection, pins direction. 
Fibers crushed near middle of stick, line of failure taking an oblique 
course. 

No. 489. 



Sectional area, 70.5 square inches. 
Weight, 287 pounds. 
Gauged length, 160''. 
Post free from knots. 
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T^o^. ..^ I Pounds 

^*/P* «qnareper 

P^*®^- I inch. 



Pounds. 

10,000 

20,000 

40,000 

50,000 

10,000 

60,000 

80,000 

100,000 

10,000 

120,000 

140.000 

150,000 

10,000 

160,000 

160,000 

160,000 

170. 000 

180,000 

160,000 

190,000 

200.000 

10.000 

10,000 

210,000 

220.000 

230,000 

240,000 

250, 000 

250,000 



Compre4* 
sion. 



Inch. 
0. 
.0114 



i Compres- 
I sion set 



Inch. 
0. 



Deflections . 



Horizontal.! Vertical, 



Bemarks. 



.0405 



1 .0630 


.0895 


1 .1162 


j 


1 .1435 


• .1710 


I860 


1 :-i •• 



.0004 



.0026 



.2008 
.2020 
.2160 
.2295 
.2310 
.2450 
.2685 





.0082 

0000 






1 


1 .. .. 




. ... 1 


1 ' . 


' 3,546 







Inch. 
0. 
0. 

— .01 

— .02 
0. 

— .02 

— .04 

— .04 
0. 

— .08 

— .10 

— .10 
0. 

— .12 

— .18 

— .12 

— .16 

— .20' 

— .20 

— .21 

— .01 

— .01 

— .27 

— .31 

— .38 

— .60 

— .73 
—1.26 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



[minutes. 
Sustained load 6 
Sustained load 10 
minutes. 



I After 5 minutes 
I rest. 



Ultimate strength. 
Sustained load 5 
minutes. 



Failed by hori^utal deflection; convex on heart-side of post. After 
sustaining load Ave minutes, horizontal deflection increased rapidly, 
opening longitudinal cracks along middle of post near the heart of the 
wood. 

Time of test one and a half hours. 



No. 654. 



OitH Ifloch. 




FrelimiMLTy teat of the nngle sticks. 



Stick. 


WaI»>.+ Rings per Total 
Weight j»jjj^ i^^gtjj 


Width. 


Depth. 


Sectional 
area. 


It 


1 -^ 
1 B 


Pounds. ' Inches. 
326 11 180 
390 6 180 


Inches. 
5.63 
6.62 


Inches. 
11.71 
11.71 


S^. inches. 
65.0 
65.9 


Im!hes. 
150 
150 




616 ; 


1 -. 


131.8 




1 






._. 




_ 



I stick. 



A 
B 



Loads applied. 



Actual. 



Potinds 
32, 95() 
32, 950 



Pounds 

per 
Rq. inch. 



.500 
500 



I Compres- 
sion. 



Inch. 
.0418 
.0540 



Compression 
I set. 



Inch. 
.0002 



Horizontal 
deflection. 



Inch. 
.03 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
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Tc9iof the huilt post 







Deflectiona. 






Loadn ap- 
plied. 


J 


- 






Remarks. 


i Horusontal. 

1 


Vertical. 


w. 


Vertical, E. 




Pwnds. 


Inch. 


Iruih. 


'l 


Inch, 




10,000 


0. 


0. 




0. 




20,000 


0. 


0. 




0. 




40,000 


0. 


0. 




0. 




80,000 


0. 


0. 




0. 




100.000 


0. 


! 0. 




0. 




140,000 


0. 


.01 




-.01 




180,000 


i 0. 


.02 




— .02 




200,000 


1 0. 


.02 




- .02 




220,000 


0. 


.03 


1 


- .08 




240.000 


0. 


.04 




— .03 




260.000 


0. 


.05 




— .03 




280,000 


.01 


.07 




- .04 




300,000 


.01 


, .08 




- .04 




320,000 


.03 


.00 


! 


— .04 




340,000 


.04 


.10 




— .04 




360,000 


.05 


.11 




- .04 




380,000 


.07 


.12 




— .04 




400.000 


.10 


.14 




- JMt 




410,000 


.11 


.15 




- .04 




420,000 


.12 


.16 




— .04 




430,000 


1 -1* 


.16 


i 


— .04 




440,000 


.20 


.18 




— .04 




450.000 


.23 


.20 




— .04 




460,000 


.29 


.22 




— .04 




470,000 


.30 


.22 




— .04 


Ultimate Btrength = 3, 566 pounds 
per square inch. 



Failed by horizontal deflection, plas direction. 

No. 655. 



Same style of post as 'No. 654. 

JhuOr Ogfleelimv. 




Prelitninary test of the single sticks. 



Stick. Weight. 



A 
B 



Pvund». ' 
282 I 
829 



Rings 
per 
inch. 



84 
24 



i lel"^'. I Width. 



Inch€§. 
179.93 
179.98 



Depth. 



Sectional 
area. 



Ganged 
length. 




621 



132.2 





I LomU applied. 


Stick. 


Ponnds 
1 Actual. ; per 
! sq. inch. 


A 
B 


Pounds, ; 
1 83.060 500 
38,050 1 500 



Compres- Compres- 
sion, sion set. 



Inch. 
.0292 
.0315 



Inch. 
0. 
.0007 



Horizontal 
deflection. 



Inch. 
.08 
0. 



Permanent | 
horizontal ■ 
deflection. ! 



Inch. 
0. 
0. 
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Tent of the huili post. 



Loads 
applied. 



Pounds. 
10.000 
20,000 
40,000 
80.000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
800,000 
820,000 
840,000 
850,000 
800,000 
870,000 
880,000 
890,000 
400,000 
410,000 
420,000 
480,000 
440,000 
460,000 
400,000 
470,000 
480,000 
490,000 
600,000 
610.000 
620,000 
680,000 
540,000 
660,000 
660,000 
670,000 
680,000 



DefleotionB. 



Horizontal. { Vertical, W. Vertical, E, 




Remarks. 



Sticks straight-sraiDed, free 
from knots. 



FaUed bv horiaontal i 
ultimate atrangth, ino: 




..< I Ultimate atrength = 4,387 

/ 1 I pounds per aqnare inch, 

in ploa direction. Loads continued alter passing the 
the horisontal deflection, 
ium load now sastained. 
Rested 86 honrs. 
Load on post at end of 86 hours. 
MaTJmnm load sustained after 86 hours' rest. 
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No. 656. 
SaDie style of post as 'No, 654. 



B A 







Preliminary teal of the single etioka. 



Stick. 



A 
B 



Weight. 



Poundt. 
282 
287 



609 



I 



Bingt 
per 
inch. 



Total ; 
length. , 



Width. Depth. 



Inehet. 
13 : 180 
11 180 



Inchu. Inehet. 
5. 61 IL 71 

6.61 I 11.71 



SecUonol 



Sq, inekes. 
0Sl7 
65.7 



18L4 



Cranged 
length. 



JncA«f. 
160 
160 



stick. 



A 
B 



Loada applied. 



AotnaL 



Pounds 

I>er square 

inch. 



Pounds. 
82,860 I 500 
82,860 I 600 



Compres- Compression 
sion. set. 



Horizontal 
defleotion. 



JndL 
.0368 
.0466 



Inch. 
.0002 
.0008 



Inch, 

- .02 

- .06 



Permanent 
horizontal 
deflection. 



0. 
0. 



Teat of the buili poet. 







Deflections. 














Remarks 


pUed. 


Horizontal. 


Vertioal, W. 


VerUcal,E. 




Pounda, 


Inch, 


Inch. 


Inch. 




10,000 


0. 


0. 


0. 




20,000 


0. 


0. 


0. 




40,000 


0. 


+ .01 


- .01 




80,000 


0. 


+ .01 


- .01 




100.000 


0. 


.02 


0. 




140,000 


- .01 


.02 


0. 




180,000 


- .04 


.01 


0. 




200,000 


- .04 


.01 


0. 


' 


220,000 


- .05 


.01 


0. 




240,000 


- .06 


0. 


.01 




260,000 


~ .06 


0. 


.01 


\ 


280,000 


- .07 


0. 


.01 




300,000 


- .07 


- .01 


.02 




820,000 


- .08 


- .01 


.02 




340,000 


- .09 


— .01 


.02 




860,000 


- .10 


- .01 


.02 




380,000 


- .11 


- .01 


.02 




400,000 


- .12 


- .O'i 






420,000 
440,000 


— .16 


- .02 






- .21 


- .04 


+ .04 




450,000 


- .27 


- .04 


+ .04 




460,000 


- .38 


- .04 


-1- .04 




470,000 


- .52 


- .04 


+ .04 




480,000 


- .65 


- .04 


+ .04 


Ultimate strength = 3,653 
pounds per square inch. 



Failed by horizontal deflection, minus direction. 
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No. 651. 

Yellow Pinb, Swelled Posts. 



final deflectifRu 




jTapcices at ends, 
i^ space ctt ntULOie. 



Preliminary test of the single sticks. 



Stick. Weight. 



A 
B 



Pounds. 
I 262 
275 



537 



^^f Total 



Width. I Depth. ' ^JJ^^»^ 



Gauged 
len^. 



11 
7 



Inches. 
180 
180 



Inches. 
6.58 
5l58 



l7ichcs. I Sq.inhes. Inches. 
11.71 I 65.8 150 

11.71 , 65.8 150 



130.6 



Stich. 



Loads applied. 

I Fonxide 
ActoaL 'per square 
inch. 



Oompree- Compreeaion^ 
sion. I set. 



A 

B 



Pounds. 
82,650 
88,650 



500 
500 



Inch. 
.0620 
.0514 



Inch. 
.0014 
.0008 



Horizontal 
deflectioii. 



Inch. 

- .19 

.18 



Permanent 
horisontal 
deflection. 



Inch. 

- .02 
0. 



Test of the built post. 







Deflections. 


Loads ap- 
pUed. 












Horizontal. 


Vertical. W. 


Pounds, 


Inch. 


Imh. 


10,000 


0. 


0. ! 


20,000 


0. 


0. 


40,000 


0. 


0. 1 


60,000 


0. 


0. 


80,000 


0. 


0. 


100,000 


0. 


0. 


120.000 


0. 


0. ■ 


140,000 


0. 


0. 


160,000 


0. 


0. 


180,000 


0. 


0. 1 


200,000 


0. 


0. 


220,000 


0. 


- .01 1 


240,000 


0. 


- .02 


260,000 


0. 


- .08 1 


280,000 


0. 


- .04 


800,000 


0. 


- .05 


320,000 


0. 


- .07 ! 


840,000 


0. 


- .09 


360,000 


.07 


- .11 


360,000 


.47 


- .17 ' 



Inch. 



+ .02 
+ .04 
.05 
.05 
.06 
.07 
.09 
.11 



1 
Remarks. j 



Ultimate strength = 2,766 

ponnds per square inch. 
Alter sustainingload 5 minutes. 



Post failed by horizontal deflection in plus direction. 
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No. 652. 
Same style of post as No. 651. 



361 




JHrectien oP 
JUuH defleetian. 



1" 9p€U)ea at enda. 
j^fspace at -nUHiHe. 

Preliminary test of the single etioke. 



I Binge 

Stick.. Weight. , per 
I ; i inch. 



i , Pound*. 

A I 810 I 

I B ; 370 I 



16 
16 



680 



Total 
length. 



Inchst. 
180 
180 



Width.. 



Inehet. 
&68 
5.58 



Depth. 



Inehet, 
1L70 
11.71 



Sectional 
area. 



8q. inches. 
65.8 
65.8 



130.6 



Changed 

length. 



Inehet. 
160 
150 



Loads applied. 



Stick.! 



ActuaL I per M]^*re 



Ponnds 

9T8q 

inc 



Pounds. ] 
A I 82,650 500 

B 82,650 500 



Gompremion. 



Inch. 



CompreMion 



Inch. 
.0008 
.0002 



Horizontal 
deflection. 



Permanent 
horlaontal 
deflection. 



Inch. 
— .20 

.18 


Inch, 
0. 
.03 



Transversely the sticks bend an equal amount when bolted together* 

Test of the built post. 







Deflections. 






Loads ap- 
pUed. 


..._ 


_. 


- 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 




Pounds. 


Inch. 


Inch. 


inch. 




10,000 


0. 


0. 


0. 


Sticks A and B straight grained 


20,000 


0. 


0. 


0. 


and free from knots. 


40,000 


0. 


-.01 


— .01 




60.000 


0. 


— .01 


— .01 




80,000 


0. 


— .01 


— .01 




100,000 


0. 


— .01 


- .01 




140,000 


0. 


1 0. 


0. 




160,000 


0. 


1 0. 


0. 




200,000 


0. 


1 0. 


0. 




220,000 


0. 


1 0. 


0. 




240,000 


0. 


1 0. 


0. 


1 


260,000 


0. 


-.01 


+ .01 




280,000 


0. 


— .01 


.01 




300,000 


0. 


— .01 


.01 




320,000 


0. 


— .01 


.01 




340,000 


0. 


— .01 


.01 




360,000 


0. 


- .02 


.02 




880,000 


0. 


— .02 


.02 




400,000 


0. 


-.02 


.02 




410,000 


0. 


— .03 


.03 




420.000 


0. 


— .04 


.04 




480,000 


0. 


— .04 


i .04 




440,000 


0. 


— .04 


.04 
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Loads ap- 




plied. 


HorizoDta 


Pounds. 


Inch. 


450,000 


0. 


400,000 


0. 


470,000 


0. 


480,000 


0. 


400,000 


0. 


800,000 


0. 


510,000 


0. 


520,000 


0. 


580,000 


0. 


540,000 


0. 


560,000 


0. 


5«0,000 


- .01 


570,000 


— .02 


580,000 


— .00 


585.000 


— .17 


588,500 


-.36 



Deflectious. 




Vertical W. 


Vertical, 


Inch. 


Inch. 


— .05 


.05 


— .05 


.05 


— .05 


.05 


— .05 


.05 


-.05 


.05 


- .05 


.05 


— .05 


.05 


-.05 • 


.05 


— .05 


.05 


— .05 


.05 


— .06 


.05 


- .06 


.05 


— .06 


.05 


— .06 


.05 


- .06 


.05 


- .06 


.05 



Remarks. 



Ultimate strength =4, 506 pounds . 
per square inch. 



Failed by horizontal deflection in minus direction. 



No. 653. 
Same style of post as Ko. 651. 

B A 

Jindl ^LefUetimn 

J" spaces at en^s. 
2^" space at -nUdiae. 




Pr€liminar}f teat 0/ the Hngle sticks. 



Stick. 



Weight. 



Bings 
per 
inch. 



Total 
length. 



PoundM, 
810 I 
8U I 



16 
12 



Inehs$. 
180 
180 



Width. Depth. I ^JJ^ 



Ganged 
length. 



Inehet. 
5.63 
5.50 



In6he$. 
1L71 
1L68 



Sq.inchet. , IneUi. 
65.0 160 

65.8 ISO 



621 



181.2 



Stick. 



Loads applied. 



Actual. 



Pounds. 
82,050 
32,650 



Pounds 
per square 



Cmp™Mio„,|C<>»P~— ^,5^»^ 



500 
500 



Inch, 
.0550 



Iruh. 
.0008 
0. 



Permanent 
horixontal 
deflection. 



Ineh. I Inch, 
— . 26 — . 01 

-.12 > .02 



Transversely the sticks bend an equal amonnt when bolted together. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 363 
TeMof the huilt post. 



) Loadti ap- i 
i plied. I 



Pounds. 
10,000 
20,000 
40,000 
80,000 
100,000 
140,000 
160,000 
160,000 
200,000 
220,000 
240,000 
260,000 
280,000 
800,000 
820,000 
840,000 
860,000 
370,000 
890.000 
400,000 
410,000 
420.000 
480.000 
436,600 



Deflectiooa. 



Horizontal, j Vertical, TV. Vertical, B. 



Remarkn. 



Inch. 

0. 

0. 

0. 

0. 
.01 
.01 
.01 
.01 
.02 
.02 
.02 
.03 
.05 
.05 
.06 
.09 
.10 
.11 
.14 
.16 
.20 
.28 
.40 
.60 



Inch. 

0. 

.01 
.01 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



TJltmate strength = 3,328 
pounda per sqiuure inch. 



Stick B failed S2^' from middle, fibers crashing at a groap of knots. 
Post took horizontal deflection in pins direction. 

Ifo. 667. 




Z^-l^J^ 



-t- 



O-^ 



^"boita. 



^Jtbres cru thea. 



Preliminary te8t of the single sticks. 



Stick. Weight. 




Rings 
per 
inch. 



13 



Total 
length. 



Jnehet. 
179.96 
179.96 



Width. 



Inches. 
5.63 
5.64 



Depth. 



Ganged 
len^h. 




650 



132.0 



Stick. 



Loads applied. 



I 



ActnaL 



Pounds 

per sqoare 

inch. 



; Compression.) ^<»»Pff»*«° 



' Pounds. 

I 33,000 500 

38,000 I 500 



Inch. I Inch. 
. 0375 0. 

. 0305 I 0. 



I 



Horizontal 
deflection. 



Inch. 

— .05 

— .02 



Permanent 
horizontal 
deflection. 



Inch. 

— .01 

0. 
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Tent of the huiU post. 



I Loads ftp- 
; pUed. 



Poundt. 
10,000 
20.000 
40,000 
80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300,000 
320.000 
340,900 
860,000 
380.000 
400,000 
420,000 
440,000 
460,000 
480,000 
500,000 
620,000 
540.000 
560.000 
580,000 



Deflectione. 



Horizontal. 

' Inch. 
U. 
0. 
0. 

' 0. 

I 0. 

0. 

: 0. 

0. 
0. 
0. 
I 0. 

0. 

! 0. 

I 0. 

0. 

' s- 

I I: 
I I: 

I ••■ 

— .02 
! — .09 



Vertical, W.I Vertical. E. 



Inch. 

0. 

.01 
.02 
.04 
.06 
.10 
.12 
.14 
.15 
.16 
.18 
.20 
.21 
.23 
.25 
.27 
.29 
.31 
.32 
.35 
.87 
.40 
.42 
.47 
.50 
.67 
.65 



Inch. 
0. 
0. 



.04 



.10 



.12 



.15 



RemarkH. 



.| Ultimate ntrensth = 4,394 
poanda per sqoare inch. 



Failed by crushing fibers at bolt-holes. 

Fo. 658. 
Same style of post as '^o. 657. 



1 jDir-^cttan of 




Preliminary test of the single sticks. 



1 ' I I 

I ; Binga i rp_^_, , 

SUck., Weight. per | i^n^i. I ^^th. Depth. 



I Pounds. . Inches. Inches. | Inehee. 

A I 319 I 12 I 179.98 I S.59 11.71 

B ; 332 I 9 , 179.98 I 5.59 IL 72 



Sectional I Graaged ' 
len^. ' 



Sq. inches. I Inches. ' 
65.6 I 150 
.65.6 I 150 I 



661 



131.0 1. 



Stick. 



Loads applied. 



Founds 

)r sqii 

inon 



AotuaL , per square 
'non. 



Comp«.saion. ^^"L?"^^"^ ' defllSS!^ I ^'^S^S' 
not. deflection. I Reflection. 



Pounds. 
A , 32,750 
B ' 32,750 



500 
500 



Inch. 
.0320 
.0436 



Inch. 
.0005 
.0008 



Inch. ' Inch. 

. 08 , 0. 
— . 04 0. 
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Teat of the huilt post. 



Loads ap- 
plied. 



2'oundt. 
10,000 
20.000 
40,000 
80.000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300.000 
820,000 
340.000 
360.000 
380,000 
400,000 
410,000 
420, 000 
425,000 
430,000 
440,000 
445.000 
448,000 



Horizontal. 



Inch. 
0. 
0. 
.02 
.02 
0. 
0. 
0. 

— .01 

— .02 

— .04 

— .05 

— .06 

— .08 

— .10 

— .12 

— .15 

— .17 

— .21 

— .27 

— .30 

— .41 

— .48 

— .68 

— .75 
-LOO 



DeflectioiiA. 



Vertical, W. Vertical, E. 



Remarka. 



Jneh. 

0. 

0. 

.07 
.12 
.15 
.20 
.25 
.28 
.80 
.32 
.33 
.85 
.35 
.85 
.35 
.35 
.85 
.33 
.25 
.15 

— .10 

— .12 

— .27 

— .41 

— .60 



Jneh. ' 
0. Sticks in poor ooDdition; con- 

tain bad shakes and season- 

— . 07 cracks. Obliqne to axis of 

sticks. 

HVis""* 

— '."20""*i 

11' HY" 
0. 

+ ■."55*"'; 

.....v.'.'.'. Ultimate strensth = 3,420 
pounds per square inch. 



Stick B failed by opening oblique season-cracks, and shakes taking 
a minus horizontal deflection. 

No. '669. 
Same style of post as No. 657. 



J?iretCian of 




7f epctes. 
Preliminary teat of the single sHc]cs. 



Stick. Weight. 


aiStl"- 


Depth, i S-t^"- ^-S? 

1 


Pounds. 
A 320 
B 203 


12 180 5.61 
8 180 ! 5.61 


11. 73 65. 8 160 
11.73 ' 65.8 1 ISO 


' 613 


1 ' 131.8 ' 


1 







Loads applied. 



Stick.. 



Actual. 



I 



Pounds. 
32,000 
32, 000 



Pounds 

per square ' 

incn. , 



500 
TjOO 



, Compression.' ^^"'PJJ"*^'^ 



Inch. 


Inch. 


. 0312 


0. 


.0372 


.0002 



Horizontal 
deflection. 



Inch. 

.04 
— .01 



Permanent 
horisontal 
deflection. 



Inch. 
0. 
0. 
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Test of the hum poet. 



I Loailn ap- 
plied. 

Pounds. 
10,000 
20,000 
40,000 
80,000 • 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300,000 
320.000 
340,000 
360,000 
380,000 
400,000 
440,000 
480,000 
500,000 
520,000 
540,000 
560,000 
580,000 
600,000 


Horizontal. 

Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 

.02 

.03 

.03 

.04 

.05 

.06 

.07 

.08 

.10 

.12 

.15 

.17 

.20 

.24 

.30 

.45 

.70 


Deflections. 
Vertical, W. 

Inch. 
0. 
0. 
0. 
0. 
; 0. 
0. 
0. 

— .02 
1 -.03 
' —.08 

— .84 

— .05 

— .05 

— .06 

— .06 
-.07 

1 -.08 
! —.09 

— .09 

— .09 

— .08 

— .07 

— .07 

— .04 

— .08 
0. 

1 


Vertical, E. 

Inch. 
0. 


Remarks. 


















■ . . . 

.13 




.15 
.20 












.'27 




.35 
















.47 


Ultimate strength = 4,550 
pounds per square inch. 



Failed by horizontal deflection, plus direction. 

Deflection increased to 1".40 horizontal without crusbing fibers of 
either stick. 

Yellow Piira, Built Posts. 

End paciiing blocks let into sticks. 

No. 060. 




i'l 

CO 


Weight 


A 
B 


Pound*. 
283 
294 


1 
1 


577 



ptftuBS^^ 



Preliminary test of the single sticks. 
Depth. 



Rings per 
inch. 



25 
18 



Total 
length. 



Inches. 
180.03 
180.03 



Width. 



Inches. 
5.61 
5.63 



Inches. 

11.22 

1L24 



Sectional 
area. 



Sq. iTiehes. 
62.9 
63.3 



126.2 



Oaui 
leni 



aged 
>^h. 



Indies. I 
150 t 
150 ' 



Loads applied. 



Actaal. 



Ponnds per , 
' square inch. ; 



,C.n.pre..ion. Con.pre»ion Horizontal 



Permanent 
horizontal 
deflection. 



I Pounds. 
A I 31,450 
B I 31.650 



.'iOO 
500 



Inch. 



Inrh. 
0. 
0. 



Inch. 

.08 
0. 



Inch. 
0. 
0. 
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Test of the built post 

Tested with uneven bearings. 

Strips of yellow-pine packing ^" thick placed between ends of 
sticks and compression platform, one strip behind end of stick A, and 
one strip behind opposite end of stick B. 



Loads ap 
plied. 



Poundi. 

10.000 

20,000 

40.000 

60,000 

80,000 

100,000 

140.000 

180,000 

S00,000 

240,000 

280,000 

300,000 

320,000 

360,000 

400,000 

420,000 

440,000 

460,000 

480,000 

500,000 

510,000 



Deflections. 



HorixoDtal. Vertical, W. i Vertical, E. 



0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.01 
.02 
.03 
.03 
.03 
.03 
.05 
.06 
.09 
.10 
.15 
.21 
.80 



0. 0. 

.01 

.02 

.03 

.03 

.04 - .02 

.04 

.06 ' 

.05 

.05 I 

.06 

.06 - .03 

.06 

.06 ! 

.06 ! , 

.07 ' 

.07 

.07 

.07 

.07 — . 05 



Remarks. 



Ends not packed came to full 
bearing. 



mtimate strength = 4.041 
pounds per square Inch. 



Failed by horizontal deflection, pins direction. 

The deflection was increased to 2"A0 horizontal. At this time the 
fibers of the sticks had crnshed at middle and where the packing pieces 
were notched in near the ends. 

J^o. 661. 

Same style of post as No. 660. 



Preliminary test of the single atioks. 




\s 



A 
B 



Weight !=^hrl 



Poundt. 
274 ' 
310 I 



12 



Total 
length. 



Inehea. 
180 
180 



Width. I Depth. 



Inehet. 
5.66 
5.60 



Inches. 

11.70 

1L72 



Sectional 
area. 



Ganged 
length. 



Sq. inches. 
66.2 
65.6 



Inches. 
150 
150 



584 



131.8 



Loads applied. 



^ Actual. 



Pounds per 
square inch. 



Compresnion. 



. CompreAfeion 
set. 



Horizontal ' ^v®"?!^„^^ 
dofleetion. J^g-SJjf. I 



A 
B 



Pounds. 
33,100 
32,800 



.■VOO 
500 



Inch. 
.0410 
.0305 



Inch. 
0. 
0. 



Ineli. 
- .01 



Inch. 
0. 
0. 
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368 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Test of the built post. 

Tested with uneven bearings. 

Strip of yellow pine ^^22 thick placed behind north ends of stick A; 
same thickness of packing placed behind sonth end of stick B. 



Loads ap- 
plied. 



Deflections. 



Horixontal. 



Pounds. 
10,000 
20,000 

30,000 ^ 

40,000 

45,000 

50,000 

60,000 

80,000 

100,000 

140,000 

180, 000 

200,000 

220,000 

240,000 

260, 000 

280,000 

800,000 

320,000 

340, 000 

360,000 

380,000 

400,000 

410, 000 



Vertical, W. Vertical, E. 



.14 


.14 


.10 


.14 


.10 


.14 


.10 


.14 


.04 


.15 


.01 


.15 


). 


.15 


). 


.15 


). 


.15 


1. 


.15 


.01 


.14 


.03 


.14 


.06 


.13 


.09 


.13 


.12 


.13 


.20 


.13 


.40 


.15 


.76 


.17 



Inch. 
0. 

— .01 

— .08 
0. 

— .07 


Inch. 
0. 
0. 

.04 
0. 

.10 


Itich. 
0. 




••■ 




— .14 

— .10 

— .10 


.14 
.14 
.14 


'::z±z 



— .05 



.07 



Remarks. 



I Deflection rods rea<\}a8ted. 

i 

I Ends not packed reach fnll bear- 
ing. 



Ultimate strength 3= 3, 111 poands 
per square Inch. 



Failed by horizontal deflection, plus direction. 
^Deflections were increased aftex the maximum load was passed to 
develop lines of failure by crushing the fibers of the sticks. 

Fibers of stick A crushed 15^^ from middle and at notched ends, as 
shown by sketches below : 



JV&f^A e/Ut 



.^^ 



/Simtth^end. 



j»»pachutff - 



rz^jgpae^Uf^. 







Jl 



crtuShmA, 



' IJLJ ' 



■ h=i=y" 



No. 662. 
Same.stjie of post as No. 660. 

B jj 

Dbrtctufn of 
finnfl deflect^ *>n.. . 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 369 
Preliminary test of the single BtioJcs, 



SectdonAl Gauged 
area. i lenj^h. 



Sq. inchea. ' Inches. 
65. 9 150 

65.9 I 150 




Teat of the built post 

Yellow-pine strips, ^^32 thick, placed behind north end of stick A; 
same amount of packing x)laced behind south end of stick B. 



Loads ap* 
pUed. 




Deflectioiis. 


RemarkB. 


Horizontal. 


Vertical, W. 


Verttcal, B. 


Pounds. 

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

220,000 

240,000 

260,000 

280,000 

300.000 

320,000 

840,000 

360,000 

380,000 

388.000 


Inch. 
0. 

— .03 

— .08 

— .11 

— .06 

— .02 

— .01 

— .01 

— .01 

— .01 

— .04 

— .05 

— .07 

— .08 

— .10 

— .11 

— .12 

— .13 

— .16 
-.19 

— .21 

— .29 

— .37 

— .52 
—1.08 


Inch. 
0. 

— .01 

— .04 

— .08 

— .06 

— .05 

— .05 

— .05 

— .06 

— .06 

— .02 

— .01 

— .01 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .02 


iTieh. 
0. 


Wanhers of end bolts are drawn 
intothewoodabont^". South 
end of stick A takes a beating. 
North end of stick B take* a 
bearing. 

Ultimate strength =2,944 pounds 
per square inch. 


.07 












.08 








.05 








.05 

















Failed by horizontal deflection, minus direction. 
Deflections increased to 2''.50 horizontal. 

Stick B failed at the end notches in a similar manner to sketches 
showing failure of post Ko. 661. 
Stick A crushed fibers at a knot IJ" diameter, 15" from south end. 



S. Ex. 1- 



^24 
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370 TESTS OF IBON AND STEEL AND OTHEE MATERIALS, 

No. 693. 



^^^,OaI.pa^^ 





Preliminary tsBtcfthe single sticke. 



1 


Weight. 


Binggper 
inch. 


Total 
length. 


Width. 


Depth. 


area. 


g:ss* 


1 

A 
B 
C 


Pound*. 
242 
276 
256 


11 
15 
28 


Inehss, 
178. 87 
170.07 
170.07 


InOist. 
4.50 
4.50 
4.40 


ZneksM, 
1L61 
11.56 
1L62 


Sq.inehst. 
52.2 
68.6 
52.2 


JfudUf. 
150 
150 
150 




774 








168.0 











' 




1 




1 


Loads applied. 


Compression. 


] 


Permanent 


Aotnal. 


Pounds per 
inch. 


Compression 
set. 


Aonsouiu 


A 
B 
C 


Pounds. 1 
26,100 500 
81,800 500 
26,100 1 500 


Inch, 
.0320 

.0148 


InefL 
.0002 
0. 
— .0005 


Inch. 

0.05 

.10 

.01 


Inch. 
0. 
.01 
0. 



Teat of the built poet 



Loads ap- 
•pUed. 


Deflections. 


Bemarks. 


Horisoatal. 


Vertical, W. 


Vertical, B. 


Pounds. 


20,000 
40,000 
80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
800,000 
840,000 
380,000 
400,000 

4801000 
500,000 
520,000 
540,000 
560,000 
564,000 


Inch. 
0. 

.01 

.01 

.01 

.01 

.01 

.01 

.02 

.02 

.02 

.08 

.06 

.06 

.07 

.00 . 

.11 

.16 

.20 

.28 

.44 

.00 


Inch. 
0. 

— .02 

— .08 


Inch. 
0. 






— .08 




— .08 

— .08 
-.08 

— .08 

— .08 

— .08 

— .04 

— .04 

— .04 
-.05 

— .05 

— .05 

— .05 

— .06 

— .06 

— .06 

— .06 


.10 




.14 




.15 










mtimate strength = 3,857 
pounds per square inch. 




.10 













Failed by horizontal deflection, plus direction. 
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TESTS OF IRON AKD STEEL AND OTHER MATERIALS. 371 

Ko. 694. 
Same style of post as No. 693. 



I)ireetim% ^ 




fifuit d^fZe€^itn. 



Prtlminary test of the single sticks. 



1 


Weight 


Blngsper 
inoh. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Ganged 
len^ 


A 
B 


Pounds. 
108 
290 
208 


17 
24 
10 


Inehss. 
180 
180 
180 


Inches. 
4.60 
&60 
4.46 


Inches. 
11.36 
11.80 
11.86 


8q. inches. 
61.1 
63.6 
60.6 


Inches. 
160 
150 
160 


601 






1 


166.2 








! 






1 


Loada appUed. 


ComproMlon. 


set. 


Horizontal 


Permanent 
horisontal 
deflection. 


AotaaL 


PonndB per 
square inch. 


A 
B 
C 


Pounds. 
26,660 
31,760 
26^300 


500 
500 
600 


Inch. 
.0600 
.0050 
.0010 


Inch. 
0. 

.0003 
.0006 


Inch. 
.18 
.09 

0. 


Inch. 
.01 
.02 

0. 



Test of the huilt pest. 



Loads ap- 
pUed. 


Befleotions. 


Bemarks. 


HorizontaL 


Vertical, W. 


Vertical, E. 


Pounds. 


20,000 
40,000 
80.000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
800,000 
840.000 
380,000 
400,000 
440,000 
480,000 
600,000 


Inch. 

0. 

.04 
.04 
.05 
.05 
.05 
.05 
.05 
.05 
.04 
.04 
.04 
.04 
.03 
.01 

— .03 

— .10 


Inch. 

0. 

0. 

0. 
.02 
.03 
.04 
.05 
.05 
.05 
.06 
.07 
.07 
.08 
.09 
.10 
.10 
.10 


Inch. 
0. 


UltimAte strength = 8,027 
per square inch. 






— .12 




— .13 




— .15 




— .15 




— .17 



Failed by deflecting horizontally, minus direction. 
Horizontal deflection increased to — 2^' without crushing fibers of 
wood or developing any local weakness. 
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372 TESTS OP IRON AND STEEL AND OTHER MATERIALS. 

No. 695. 
Same style of post as No. 




Preliminary teat of the HngJe eiioke. 



weight, i K^SSP" I ;^^l Width. Depth. 



Pounds. 
207 
290 
246 



8 
16 
16 



Inehei. 
180 
180 
180 



Inetm. 
4.49 
5.20 
4.50 



Inches. 
11.85 
11.34 
11.35 



Sectional 
ai-ea. 



i a. inches. 
51.0 
60.0 
51.1 



Gaajced 
length. 



Inches. 
150 
160 
150 



748 



161.1 



Loads applied 



Actoal. 



\^.^ Co»p««.on. Co-.P~~.onj H^Hjoot.. ^ |^^* 



I Pounds per 
square inch. 



I 
A 
B I 

C I 



Pounds. 
25,600 
29, 500 
25,550 



500 
500 
500 



Inch. 
.0429 



.0410 



Inch. 
.0002 
.0004 
.0001 



Itieh. 

— .01 

— .06 
0. 



Inch. 
0. 
0. 
0. 



Teet of the hvilt post. 



Loads ap- 
plied. 



Pounds. 


20,000 
40.000 
80,000 
100,000 
140,000 
180,000 
200,000 
240.000 
280,000 
300,000 
340,000 
360,000 
380.000 
400.000 
420,000 
440, 000 
460.000 
474, 000 



Deflections. 



Horizontal. Yertleal, W. Yertioa), E. 



Remarks. 



Inch. 
0. 
0. 
0. 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .03 

— .03 

— .05 

— .07 



Inch, 


.02 
.02 
.02 
.02 
.04 
.05 
.06 
.07 
.10 
.10 
.12 
.12 
.14 
.16 
.18 
.10 



Inch. 
0. 



I 



.02 



; Stick B, "shaky": baa longl. 
tndinal seams. Stick C has 
dull, dead appeaiaaee im 
places. 



.02 



.02 



.04 



intimate strength = 2,942 | 
pounds per square inch. 



Stick B failed by opening longitudinal seams. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 373 

No. 696. 
Swelled Post. 




i^x^ 



ifx^ 



^. 






®«>^ 



TrtXiminary iat of the single stioks. 



i 

Cfi 


Weight. 


Binge per 
inch. 


Total 
length. 


Width. 


Depth. 


Seotional 
area. 


Gauged 


IB 
C 


Powidt. 
217 
253 
190 


25 
11 
15 


Inehst, 
180 
180 
180 


Inches. 
4.51 
5.50 
4.48 


Inches. 
1L24 
1L28 
1L28 


50.7 
61.8 
50.8 


Inches. 
150 
150 
150 


600 




1 




162.8 






1 ■ 










1 


Loads applied. 


1 
1 

CompreMion. ^»P^^" 


Horisontal 

• 


Permanent 
defleotion. 


Actnal. 


Poimde per 
square incli. 


A 
B 
C 


Pounds. 
25,850 
80,900 
25,150 


500 
500 
500 


Inch. 1 Inch. 
. 0837 : 0. 
.0567 .0008 
.0715 1 .0010 


Inch. 

.08 
— .05 

.24 


Inch. 
.02 
0. 
.08 



Te$i of the huili poet 



Loads ap. 
pUed. 


Deflections. 


Remarks. 


Horisontal. Yertlca],W. 


Vertical, E. 


Pounds. 



20,000 

40.000 

80,000 

100,000 

140,000 

180,000 

200,000 

240,000 

280,000 

840|000 
380,000 
400,000 
440,000 
480,000 


Inch. \ Inch. 
0. 0. 
.02 0. 


Inch. 
0. 




.02 1 0. 
.05 1 .04 
.05 1 .05 
.09 1 .09 
.09 - ifl 






— .10 




.09 
.09 
.09 
.09 

.09 


la 


— .10 

"ll'lio"" 


1 

i 


.09 
.09 
.10 
.30 


!l8 


""-.is"" 






Ultimate strength = 2,948 
pounds per square inch. 





Failed by horizontal deflection plus direction. Horizontal deflection 
increased to 2^' without developing any local weakness. 
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374 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 697. 
Same style of post as No. 696. 

i% n ti middle. 
Frtlimvuatyi test of the aingU sHcks. 



M 


Weight. 


Bingsper 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


length. 


A 
B 
C 


Pounds. 
242 
240 
215 


15 
12 
15 


Inehss. 

180 
180 
180 


Indus, 
4.62 
5.43 

4.47 


Inehss. 
11.60 
1L60 
11.58 


Sq.indiss. 
62.4 
63.0 
5L8 


iMkSS. 

150 
150 
150 


706 










167.2 
















1 


LoadB »ppUed. 


Compreesion. 


Compression 

set. 


Horiaontal 
deflection. 


Permanent 
deflection. 


AotaaL 


Ponndi per 
eqoare inch. 


A 
B 
C 


Pounds. « 
26,200 
81,500 
26,000 


500 
600 
500 


Inch, 
.0240 
.0330 
.0336 


Inch. 
0. 
- .0007 
0. 


Inch. 

— .15 

— .01 
.28 


InOi. 
— .01 
0. 
.02 



Te$tofthehuiUpo8i. 



Loads ap< 
^ plied. 


Deflections. 


Bemarks. 


Horlsontal. 


Vertical, W. 


Vertical, E. 


Pounds. 
0. 
20,000 
40,000 
80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
800,000 
340,000 
880,000 
400,000 
440,000 
460,000 
480.000 
500,000 
620.000 
540,000 


Inch. 
0. 

a 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.01 
.02 
• 04 
.07 
.00 
.12 
.10 
.50 


Inch. 

0. 

.01 
.08 
.04 
.05 
.05 
.05 
.06 
.06 
.06 
.07 
.08 
.08 
.08 
.08 
.00 
.00 
.00 
.10 
.10 


Inch. 
0. 


North end of stick A shaky. 

Ultimate strength = 3,280 Ihs. 
per square inch. 






.05 




.08 










.11 















Failed by horizontal deflection, pins direction. 
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TESTS OP IRON AND STEEL AND OTHER MATERIALS. 
Test of apecimena cut from No, 697, stick A, 



875 



e 



■rbrr: 






1 


1 


1 




Ske. 


1 

-a 


Ultimate streng^. 


Remarks. 


< 


1 


D 


Lht. 


6 

18 


Inehet. 
19.95 
19.93 


5X3 
4.48X3 


15 
18.44 


Povndt. 
73,000 
86,600 


4,867 
6.869 


Fibers cnuhed. 
Do. 



Ko, 698. 
Same style of post as No. 696. 




i"€pt%o0A €ft0nd9. 



^^ // // 'middle, 
PreHmitiary test of the single sticks. . 



M 


Weight. 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


area. 


Ganged 
len(^h. 


A 
B 
C 


Poundt. 
224 
255 
296 


16 

8 
15 


Inehet. 
179.94 
179.94 
179.94 


4.46 
5.68 
4.50 


Inehet. 
11.60 
11.70 
11.69 


Sq. inehet. 
51.7 
64.7 
&2L2 


Inehet. 
160 
150 
160 


776 




1 




168.6 






1 










1 


Loads appUed. 


Compression. 


set. 


xr^-t-'-'^t-'-y 


Permanent 
horiasontal 
deflection. 


AoinaL 


Pounds i>er 
square inch. 


xl 
de 


UlUbVUMU. 

flection. 


A 
B 
C 


Poundt. 
25,860 
32,350 
26,100 


600 
600 
600 


Ineh. 
.0290 
.0585 
.0341 


Ineh. 
.0009 
.0005 
.0004 


Ineh. 

— .34 
.04 
.12 


Ineh. 
— .02 
0. 
.02 



Test of the huUt post. 



Loads ap- 
plied. 




Remarks. 


Horizontal. 


Vertical, W. 


Vertical, B. 


Poundt. 

0. 

20,000 

40,000 

80,000 


Ineh. 

0. 

0. 
— .01 
-.01 


Inch. 

0. 
.02 
.04 
.07 


Ineh. 
0. 
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376 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 





Te8 


t of the built post— Coni 
Deflections. 


bioued. 


Loads ap* 
pUed. 




1 
Remarks. 


HorixontaL 


Vertical. W. 


Vertical, E. 


Poundt. 
100,000 
140,000 
180,000 
200,000 
240,000 

^,Z 

340,000 
880.000 
400,000 
440,000 
400,000 
480,000 
600,000 
510,000 
620,000 
580,000 
540,000 
644,000 


Ineh. 

— .01 
0. 

0. 
0. 
0. 
0. 
0. 

— .01 

— .02 

— .03 

— .06 

— .08 

— .12 
-.17 

— .20 

— .26 

— .88 

— .48 

— .75 


Jneh. 

.06 
.00 
.00 
.09 
.09 
.00 
.00 
.00 


Ineh. 
— .04 


* 

• 

Ultimate strength =3,227 Ibe. 
per square inch. 




— .05 


—-•oi" 


.10 
.10 
.10 
.10 
.09 












.00 
.09 
.09 


-.10 




.00 
.08 








i 



Failed by horizontal deflection, minus direction. 

Horizontal deflection increasea to 2'\ 

Sticks taking uniform bend without crushing fibers locally. 



Test of specimens cut from Ifo. 698, stick C. 




- a micv 



'jpj f ,^^ 



2n^ 



"si / — ::r.;o 



€fuL 



South end of stick as placed in testing machine very resinous. 
The rate of growth was most rapid near the heart of the stick. 
Specimens E and O have about the same rate of growth, containing 
the heart ; specimens F and H having about the same rate of growtii. 



1 


1 


i 
I 

Si 
1 


j 


Siae. 


1 


Ultimate strength. 


Bemarlcs. 


Actual. 


1% 




Xb«. 




In, 


InOi^t, 


^•5 


PotMMb. 






E 


11 


11 


20 


&08X4.60 


123,500 


5.467 




F 


^ 


22 


20 


8 X4.60 


13.60 


86,600 


6,4»7 


Do. 


G 


11 


20 


5.02x4.60 


22.59 


128,800 


5,480 


Do. 


u 


11 


20 


20 


8 X4.50 


18.50 


70,200 


^806 


Do. 


I 


8* 


20 


20 


2.76x4.48 


12.89 


81,800 


6,640 


Do. 




Weight (posts, packing, and bolts), 911 pounds. 
Sectional area, 108.36; 105.84 = 214.2 square inches. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 377 



Gauged length taken on post A, 160'^ 

Post free from knots. 

Stick A, new timber, has not been previously tested. 

Stick B previously tested in built post No. 691. 



Pounds 



Loads : *'°'™"» ! Conipros- 
applied. P^^i^X"": bkJT 



Permanent 
set. 



Pounds. 

10,000 

50.000 

10,000 
100,000 

10,000 
150,000 

10,000 
200.000 

10,000 
260,000 

10,000 
800,000 I 

10,000 
350.000 ! 

10,000 
400,000 , 

10,000 
450,000 ' 
500,000 
550,000 I 
600,000 ' 
850,000 
700,000 



Inch. 
0. 
.0148 



Inch. 



.0355 








:::::::::::;!'"':ot86"" 




! .1008 


1 


.1240 


1 


.1480 


j 


1 .1730 





.0010 



.0010 

.'ooii" 



.0021 
.0030' 



Deflections. 



Horizontal. Vertical. 



8,208 



10,000 



Inch, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



- .05 



0. 

- .10 

- .01 

- .18 

- .02 

- .17 

- .20 

- .28 

- .34 

- .45 

- .75 
-1.50 

- .40 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.0. 
0. 
0. 
0. 
0. 
0. 
0. 



.02 
.05 
.00 
.00 
.00 
.00 
.00 



Kemarks. 



Snapping soonds 
heard. 



nit imate strength. 
I>efleotions after 

sustaining load 

6 minutes. 



Longitudinal cracks opened along middle of stick B ; no cracks devel- 
oped in stick A. 

Time of test, one hour. 

Compression of yellow-pine posts. 











t 


TABULATED BBSULTS. 




^ 




4 ' 
III 


Size of post. 




Ultimate 
strength. 














1 






Manner of failure. 


1 


i 


1^1 

Lb9. 

20 


• A * 




i 


1 


1 


1^ 




665 


« 


FL In. 
5 .06 


In. 
5.50 


In. 
5.50 


•» 


Fownd9. 
172,000 


5,677 


Fibers crashed 12" fh>m end of 

post. 
Fatted at knots W ttom end. 
Failed at knots 0" and 17'' firom 

end of post. 
Fatted at knot 8" from end of poet. 
Failed at season-cracks : crashed 

fibers. 
Fatted at knots 30" ftom end of 

poet. 
Failed at knots 27" fh>m end of 

post. 
Deflected npward. 
Deflected downward. 
Failed at knoto middle of post. 
Deflected horizontally. 
Deflected diagonaUy. 
Do. 


666 

667 

668 
562 


45 

St 


12 
35 , 

1 

20 ; 


5 .10 
5 .10 

5 .10 
7 5.08 


5.50 
5.48 

5.46 
5.45 


5.49 
5.54 

5.50 
5.52 


30.2 
30.4 

30 
30.1 


141,000 
168,000 

108,000 
140,000 


4.660 
5,626 

3,600 
4,651 


563 


m 




7 6.14 6.46 


5i46 


20.8 


124,000 


4,161 


564 


57 





7 6.15 


5.47 


5.47 


29.9 


143,500 


4,799 


550 
660 
661 
656 
667 
558 


86 

110 
126 
128 
14H 


1 


10 .17 
10 .16 
10 .15 
12 6.12 
12 6.17 
12 6.20 


5.49 
5.50 
5.61 
5.54 
5.47 
5.50 


5.48 
5.47 
5.50 
5.51 
5.52 
5.50 


30.1 
30.1 
30.3 
30.5 
30.2 
30.3 


146.200 
130,000 
143,600 
156,000 
156,000 
150,000 


4,857 
4.618 
4.739 
5,114 
5,166 
4,950 
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CompreBsUm of jfelloto-pine posts — Continued. 







1 




Sise of po6t. 




Ultimate 
strength. 




1 










1 






Manner of failure. 












n 


1 


*i 


II 




d 
'& 


i 


.a 


1 


1 


II 




I 


? 
^ 




J 


s 
^ 


1 


1 


< 




1 






Lb». 


Ft. 


In. 


In, 


In. 


\^ 


P^unda. 






553 


140 


' 15 


.22 


5.50 


6.48 


00.200 


3.206 


Deflected downward. 


554 


148 


*"**" 


15 


.24 


5.40 


5.47 


30 


130,000 


4,338 


Deflected horisontally. 


555 


148 




15 


.25 


5.50 


5.60 


80.8 


120,000 


4:257 




550 


172 




17 


6l24 


5.48 


5.47 


30 


00,000 


8,000 


551 


lin 




17 


6l25 


6.46 


5.46 


20.8 


100,000 


3.658 


Do. 


552 




17 


6.26 


5.60 


6.50 


30.3 


08,000 


3,060 


Do. ' 


548 


185 


•>•>•• 


20 


.30 


5.40 


5.46 


20.4 


82.000 


2,780 


Do. 


549 


185 




20 


.28 


5.46 


6.46 


20.8 


87,800 


2,046 


Do. 


545 


212 




22 


6.28 


5.64 


5.50 


31.5 


73,700 


2,840 


Do. 


54« 


180 




22 


6l37 


5.42 


5.40 


20.8 


66,000 


1,870 


Deflected diagonally. 
Deflected horizontally. 


547 


266 


'.'.V." 


22 


6l30 


5.66 


5.61 


31.7 


62.500 


1,072 


508 


210 


...... 


26 


.36 


5.46 


6.48 


20.0 


62.000 


1.780 


500 


235 




25 


.80 


6.46 


5.40 


80 


50,000 


1,067 


Do. 


510 


210 




25 


.33 


5.46 


5.46 


20.8 


56,600 


1 862 


Do. 


409 


258 




27 


6.44 


5.31 


6.20 


28.1 


60,800 


2,163 


Do. 


500 


236 




27 


6.43 


6.32 


6.30 


28.2 


80,000 


1,383 


Deflected diagonaUy. 


501 


256 





27 


6.40 


5.81 


5.80 


2ai 


44,400 


i;680 


572 


124 


6 


6 


&10 


7.78 


0.75 


76.8 


200,000 


3,480 


Failed at a knot 30" from end of 

post. 
Failed at a knot W from end of 

post. 
Failed at knots 8" tnm end of 

post 
FaUed at a knot 18" from end of 

post 
FaUed 86" fhmi end; grain of 


573 


131 


14 


6 


&08 


7.76 


0.77 


76.8 


286,500 


3,780 


574 


161i 


21 


6 


&10 


7.74 


0.81 


75w0 


388,000 


5,046 


578 


2331 


23 


10 


.13 


7.74 


0.78 


75.3 


804.000 


4,037 


579 


240 


10 


10 


.14 


7.78 


0.75 


7&0 


800,600 


5,264 






















wood wavy. 


590 


240 


28 


10 


.14 


7.75 


0.76 


76.6 


360.000 


4,620 


FaOed at knot 17" ftom end of 
F^lMl'at knots 16" and 29" ftmn 


584 


266 


18 


13 


4.18 


7.68 


0.72 


74.6 


307,500 


4,122 






















lend of post 


585 


258 


6 


18 


4.15 


7.76 


0.74 


76.5 


284,000 


3.762 


FaUed at knots 46" ftom end of 

post 
Failed at knots near middle of 

F^Sd at knoto 60" from end of 

post 
Deflected horizontally. 


586 


836 


23 


13 


4.20 


7.75 


0.76 


75.6 


206,000 


8,021- 


587 


818 


24 


16 


8.17 


7.70 


0.74 


75 


274,600 


3.660 


588 


881 


12 


16 


8.24 


7.74 


0.78 


76.8 


882,000 


5,073 


580 


330| 


21 


16 


8.26 


7.25 


0.40 


68.8 


804,000 


4.410 


Do. 


530 


461 




20 


.25 


7.71 


0.80 


76.6 


287,000 


3,706 


Do. 


531 


410 




20 


.28 


7.76 


0.68 


74.3 


275,000 


3.701 


FaUed at knots 70" f^m end of 

post 
Deflected horizontaUy. 


682 


301 




20 


.25 


7.61 


9.68 


73.7 


220.000 2,085 


542 


501 




28 


4.20 


7.60 


k 0.77 
^0.73 


76.1 


225.000 2,006 


Do. 


543 


501 




23 


4.20 


7.60 


74.8 220;600 


2,948 


Do. 


5U 


560 




23 


4.22 


7.70 


0.76 


75.1 


208.000 


3,068 


Do. 


527 


531 




26 


8.80 


7.40 


0.47 


70 


210.000 


3,000 


Do. 


528 


627 




26 


8.20 


7.45 


0.45 


70.4 


205,000 


2,012 


Do. 


520 


535 




26 


a30 


7.46 


&04 


66.7 


184,600 


2,766 


Deflected diagonaUy. 


711 


375 


12 


15 


.08 


6.60 


15.60 


87.4 


340,000 


3,003 


Deflected horizontaUy. 


712 


307 


01 


15 


.05 


6.63 


15.57 


87.7 


3.30,000 


3,865 


Do. 


713 


382 


15 


15 


.00 


5.65 


16.50 


87.6 


272.500 


3,111 


Do. 


484 


432 




15 


.25 


6.00 


16.85 


100.4 


270,000 


2; 468 


Deflected horiaontaUy; knot on 
concave side. 


708 


464 


17 


15 


.00 


6l61 


16.51 


102.6 


340,000 


3, 317 1 FaUed at some knots at middle 


700 


557 


18 


15 


.00 


6.60 


15.64 


103.2 


455.000 


ofpost. 
4, 400 > Deflected horizontally. 


710 


491 


18 


14 11. 02 


6.61 


15.61 


103.2 


432,000 


4,186 Do. 


64] 


561 


6 


15 


.10 


8.26 


16.25 


134 


428,000 


3, 104 Fibers crushed at middle of pott. 


















▼icinityofkiiote. 


671 


586 


12 


15 


.07 


8.26 


16.20 


188.6 


672 


578 


13 


14 1L03 


8.20 


16.20 


132.8 


626,000 3,061 , Do. 


485 


434 




15 


.27 


6.75 


15.05 


107.7 


176, 000 1, 625 Deflected horizontaUy ; 
knots on concave side. 




















SecoDu 


487 


450 




15 


.25 


6.80 


15.72 


106.0 


310,000 2,000 Deflected horisontally; 

initial bend in post 
380,000 2,617 Opened shakes and sea- 


, teatof 
these 
poets. 


486 


705 




15 


.24 


8.63 


16.83 


145.2 




















i 


son-cracks. j 
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384 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



THOROUGHLY SEASONED YELLOW-PINE POST FROM THE ARSENAL 

STOREHOUSE. 



Time Tests. 



J9 NcSM 


\ 


JD Jro.€M. 




\s 


\ 




\ 


1 A JVb.€ja, 




C Nb.ejj. 





Yellow-pine post about 11".5 square by 10 feet long, cut into four 
specimens — ^A, B, 0, and D. 

Specimens A and D tested by gradually increasing the compression 
loads till failure took place. 

Specimens B and tested by applying increments of 200 pounds per 
square inch compression, allowing each increment to remain five min- 
utes ; measuring the compression when first applied and again at the 
end of five minutes, then releasing the strains to zero-load, measuring 
the compression set immediately and again after five minutes' rest ; so 
proceeding to the end of the test. 



1^0. 631. 
Specimen A. 



Sectional area, 61.7 square inches. 

Weight, 86J pounds. 

Average rate of growth, 9 rings per inch. 

Ultimate strength^ 422,000 pounds = 6,840 pounds per square inch. 

Time of test, 14 minutes. 

Deflected sideways, crushing fibers on the concave side. 



^o. 632. 
Specimen B. 



.§^ 



t 



Sectional area, 61.7 square inches. 
Weight, 85 pounds. 
Gauged length, 30". 
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pUed. 



Pounda. 


12,840 



^sSe'y^^.c-p--- 




200 



Inch. 
0. 



ConipreHsion 
apt 



Inch. 



Remarks. 






400 


.0024 


24,«80 















37.020 


600 


.0050 
.0052. 









•. 


49,300 


800 


.0078 













61,700 


1,000 


.0108 
.0110 













74.040 


1,200 


• oisi 

.0139 













86,380 


1,400 


.0164 
0166 













98,720 


1,600 


.0191 
.0194 






u 








111.080 


1,800 


.0219 
.0221 




; 






123,400 


2.000 


. 0248 
.0249 















1 


135,740 


2,200 1 


.0270 
.0275 




1 




148,080 


2.400 


.0300 
.0301 









100. 420 


2,000 


.0326 









172,700 


2.800 


.0858 
.0360 




' 1 








185,100 


3,000 


.0388 
.0393 




• 1- 








197,440 


3,200 


.0420 
.0424 













209,780 


3,466 ' 


.0449 
.0453 













222.120 


i^m'l 


.0478 













234.400 


3.806 1 


.0509 
.0513 





' 4,606 ■ 




"246,800 ■' 


.6539""" 
.0546 



- .0005 

- .ooor» 



- .0008 

- .0006 



, - .0006 
- .0008 



0006 
0006 



.0004 
.0008 



.0005 
.0008 



.0006 
.0008 



.0005 
.0005 



.0004 
.0005 



.0002 
.0003 



.0003 
.0002 



.0005 
.0005 



.0009 
.0005 



.0010 
.0009 



.0011 
.0010 



.0015 
.0011 



.0019 
.0015 



.0018 
.0016 



Reated OTer night 16 boon. 



8. Ex. 1- 



-25 
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Loads ap- 
pUed. 



Poundt. 
250,140' 



271, 4S0 
'288,'826 
'2M,1«) 
'808. 500 
'320.' 840 
'888,180 

845,' 620 



Poandfi per 
square inoh. 





i.'ioo' 
■** 0* 
4,' 466"" 
" * 
4,666 
'"6 

'4,'866* 
* 0*" 

666 
'6" 
266 
6' 
5,466 
"0" 

'6,m 



Compre8eioii,^*^'°P^«»* 



IfUh. 



.0570 
.0676 



.0024 
.0020 



.0000 
.0007 



.0026 
.0020 



.0684 
.0646 



.0030 
.0026 



.0670 
.0682 



.0086 
.0030 



.0086 



808.500 


6,000 


.0702 
.0720 




"0' 1- 








320.840 


^'.^....1 


.0742 
.0762 










.0050 
.0042 



.0785 
.0810 



.0052 



.0880 
.0870 



.0076 
.0068 



Bemarka. 



Omshed fibers 12" from end at a knot. 










.0080 
.0080 


1 

i 

•t 
•1 

1 
1 

•i 

. mtfaiMtottniicth. 


1 







867,860 


6.800 


.0881 !. 
.0941 




*" .0114 "" 
.0007 






0. 








376,266 


6,000 


.0066 
.1008 








1 6 

i 


.•18)1 
.0116 




882,640 


6,200 


.1080 


, 


._ . . 
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No. 633. 
Speoihen C. 



Sectional area, 61.4 square inches. 
Weight, 86 pounds. 
Ganged length, 3(F'. 



IiOAds »p- ' Pounds per !fv««.«^.«4,»« , ComproMion 
plied. .quawliioh. !^"P"*»**«-: set. 



Pound; 



^200 


Inch. 

0. ' 
.0024 
.0024 


Ineh. 


12,280 












i 


.0006 






.0008 


24,500 


400 ' 


.0052 
.0068 











.0007 




.0006 


M.840 


600" 




.0079 
.0080 




.0009* 






.0006 


49.i20 


800 


.0106 
.0112 










' 1 


.6608 






.0005 


61,400 


i:wi-' 


.0180 
.0140 









6 


.0006 






.0006 


78, 080 


1,200 


.0160 
.0171 











.0009 




.0010 


8ft, 060 


1.400 


.0107 
.0190 









» 


.0010 




.0009 


08,240 


1,600 


.0227 
.0230 













.0011 






.0010 


iio.520 


i,'800 


.0258 
.0260 













.0018 






.0010 


m.800 


2.000 


.0284 
.0289 ! 













.0011 






.0010 


189,080 


2.200 


.0615 
.0818 











.0018 






.0010 


147,860 


i'm 


.0847 
.0860 








1 


.0015 






.0011 


106,640 


2,600 


.0877 1 
.0381 i 

1 

1 








6 ; 


.oois 




.0015 


in, 920 


i;^ 


.0410 1 
.0410 1 













.0020 
.0016 


184.200 


3,000 


.0440 \ 
.0446 






:::::::::;' 







Betted 80 miniitee wUhout Air- 
ther reoovery. 
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208,760 



221,040 



233,320 



24fi,600 
'257,880" 

270," iao" 



JLrf>ftd8 ap- 
pUed. 


I'ounas per 
nqiutre inch. 






Povndg. 


Inch. 


1 




196,480 


3,200 

6 


.0470 
.0477 







RaiDArkB. 



3,400 



'i'ooo" 

6 
8,806" 

"6 

4.666 

"6 

4," 266' 

'4,* 466" 



.0500 
.0605 



.0535 
.0540 



.0564 
. 0572 



.0609 
.0610 



.0684 



.0664 |. 



Inch. 
.0020 
.0020 



.0025 
.0020 



.0030 
.0021 



.0029 



.0037 
.0030 



.0040 
.0036 



.0040 



1 


6 


.UOfO 


.0650 






.0043 








.0032 


282,446 


4.600 


.0691 
.0707 








.. .. 







:6663' 


1 


.0049 


' 294,726 


4,800 


.0780 
.0739 












.0063 


1 




.0052 


807,000 


5.000 


.6764 
.0780 













.0070 






.0062 


819, 280 


5,200 


.0810 
.0825 




1 









0080 






!0070 


: 881,560 


5,400 


.0860 
.0875 







[ 





.6665 


1 




.0085 


: 343,840 


5.600 


.0896 
.0031 






.. : ::: 







.0115 


' ... 




.0101 


1 866, i26 


6,800 


.0958 
.0995 








1 







.0138 






.0121 ' 


1 868,400 


6.000 


.1625 
.1074 






1... 





0167 


1 




.0149 


< 880.680 


6,-266"'"' 


.1125 
.1194 








6 


.0210 






.0192 


392,960 


6.400 


.1284 
.1336 








1 


6 


.0280 






0260 


406,240 


6.600 


.1357 










Be«t«d over nlglit 16 honni. 



Ultimate etrength. 



Fibers crushed 16'' from end of specimen, which took a slight deflec- 
tion sideways. 
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No. 634. 
Specimen D. 




ji?&r 



Sectional area, 61. 6 square incheH. 
Weight, 88^ pounds. 
Ganged length, 30"^ 



LoadB ap- 
plied. 


rounuH 


iConipreMton. 


Remarh 


Poundn. 




hieh. 










0. 




12,320 


200 


.0040 




24,040 


400 


.0075 




36.960 


eoo 


.0108 




49,280 


800 


.0184 




61,600 


1.000 


.0159 




73,920 


1,200 


.0185 




86,240 


1,400 


.0214 




98,560 


1.600 


.0240 




110,880 


1,800 


.0268 




128.200 


2,000 


.0292 




136,520 


2,200 


.0320 




L47.840 


2.400 


.0848 




160,160 


2,600 


.0375 




172,480 


2.800 


.0404 




184,800 


I 3,000 


.0480 




197,120 


3,200 


.0460 




209,440 


1 3,400 


.0485 




221,760 


3.600 


.0512 




234.080 


3,800 


.0540 




246.400 


i 4.000 


.0670 




258.720 


4,200 


.0608 




271.040 


4.400 


.0627 




288,360 


4,600 


.0655 




295.680 


4,800 


.0682 




906,000 


6.000 


.0712 




320,320 


5,200 


.0744 




882,640 


5.400 


.0776 




344,960 


5.600 


.0812 




357,280 


6,800 


.0852 




369,600 


6.000 


.0892 




381,920 


1 6,200 


.0938 




304.240 


6.400 


.0975 




428,700 


1 




Ultimate atrMiKtli 



l^me of test, 22 minutes. 

Vibttis crushed from 4'' to 8" from end of si>ecimen. 
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COMPRESSION OF WOOD (OAK AND PIKE). 

V 

Oompression tests of samples of yellow pine and white oak cut from ranmd 
posts tested for Edward Atkinson. 

Specimens rectangnlar, 32" long each. 

White Oak. 

Dimensions of original post: Length, 168"; diameter, 1(K^54; sectional 
area, 84.8 square inches; diameter of core, 1".75. 
Ultimate strength, 42<),000 pounds = 4,953 pounds per square inch. 




«ZS Im9ff4 



Sectional area, 20 square inches. 

Weight, 17^ pounds. 

Ultimate strength, 169,000 pounds = 8,450 pounds per square inch. 

Failed 6" from end where the grain was wavy. 



No. 621a. 




White Oak. 




Specimen cut from No. 621. 




♦Si^Jfev 


^v^ 


' ^^ 


if J. "so 


» 



Sectional area, 8.34 square inches. 

Ultimate strength, 65,000 pounds = 7,794 pounds per square inch. 

Failed at a knot 5" from end. 

No. 622. 
Specimen cut from same post as No. 621. 



*&V 



Sectional area, 20 square inches. 

Weight, 17^ pounds. 

Ultimate strength, 137,000 pounds = 6,850 pounds per square inch. 

Faded by opening a longitudinal se^m along a row of knots. 
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Yellow Pine. 

DimensioDs of origriual post: Ijeugth, 167'^90; diameter, 7'^70; Hec* 
tional area (inean)^ 45.8 square inches; diameter of core, r^60. 
Ultimate strength, 200,000 pounds = 4,367 pounds per square inch. 

No. 623. 



ajjf.^yan^. 



Sectional area, 8.77 square inches. 

Weight, 8 pounds. 

Ultimate strength, 47,300 pounds = 5,390 pounds per square inch. 

Failed by deflecting sideways, crushing fibers on the concave side at 
middle; also V^'' from one end and 4^^' from the other end on the 
opposite side from the crushing at the middle, as indicated by letters A 
on the sketch. 



^_, 



-V 



.T 



No. 624. 



Specimen cut from same post as No. 623. 




Sectional area, 8.8 square inches. 

Weight, 9 pounds. 

Ultimate strength, 48,300 pounds = 5,490 pounds per square inch. 

Failed by deflecting sideways, crushing fibers on the concave side. 

Yellow Pine. 

Original post tested with one flat end and one round end. 
Dimensions of original post: Length, 143^^04; diameter, 8^^; sectional 
area^ 4^.25 square inches ; diameter of core, r^60. 
Ultimate strength, 225,000 ])ounds = 4,663 pounds per square inch. 




sa.'Tm^. 



ir97 



Sectional area, 8.8 square inches. 

Weight, 8 pounds. 

Ultimate strength, 51,200 pounds = 5,820 pounds per square inch. 

Failed by fibers crushing, stick taking a slight horizontal deflection. 
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No. 626. 
Specimen cut from same post as No. 625. 



m 



^zrton^. 



Sectional area, 8.8 sqnare inches. 

Weight, 8 pounds. 

Ultimate strength, 58,000 pounds = 6,590 pounds per square inch. 

Fibers crushed at a knot 9" from end of specimen. 

White Oak. 

Dimensions of original post: Length, 164".08; diameter, 9''.25; aeo- 
tional area, 64.4 square inches; diameter of core, l'',90. 

Ultimate strength, 221,000 pounds = 3,432 pounds per square inch. 

No. 627. 



'^ 



^s^'longr 



xTaa 




Sectional area, 13.1 square incjies. 

Weight, Hi pounds. 

Ultimate strength, 63,100 pounds = 4,817 pounds per square inch. 

Failed at a knot 10" from end of specimen. 

No. 628. 

Specimen cut from same post as No. 627. 



sfTUmg^ 



M.JJ 



Sectional area, 13 square inches. 

Weight, llj pounds. 

Ultimate strength, 81,000 pounds = 6,230 pounds per square inch. 

Failed at a group of knots 8" from end of specimen. 

White Oak. 
Tested with pintle ends. 

Dimensions of original post: Length, 163".80; diameter, 9''.36; sec- 
tional area, 65.8 square inches; diameter of core, 1''.90. 
Ultimate strength, 215,000 pounds = 3,267 pounds per square inch. 

No. 629. 



^Uar^ 



Sectional area, 13.19 square inches. 

Weight, 11| pounds. 

Ultimate strength, 79,900 pounds = 6,058 pounds per square inch. 

Failed at a group of knots near middle of specimen. 
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No. 630. 
Specimen cut from same post a« No. 029. 



^."Hmff. 



Sectional area, 13.08 Hqnare inches. 

Weight, 11 f pounds. 

Ultimate strength, 80,900 pounds = 6,185 pounds per square inch. 

Failed at a knot 6'' from end of specimen. 

Indentation of wood perpendicular to grain. 

No. 714. 

Whiie Pine. 




Oompressed area, 4''.02x4".02 = 16.16 square inches. 
Bud A straight-grained. 
End B comprest^ area covers two knots. 
Oast-iron block pressed against wood. 



END A. 



Loads ap- 
pUed. 


Poonds per 
square inch. 


Indentatioii. ; 


Remarks. 




Pounds. 

1,616 
3,232 
4,848 
6,464 
8,080 
9,696 
11,312 






100 

200 

800 

400 

600 

600 

700 


Inch, 

0. 

0. 

0. 

0. 
.01 
.02* 
.05 
.46 


^" indentation. 










USD B. 








! 1.616 

3,232 

1 4.848 

6,464 

8,080 

9,607 

11, 312 

i 12,300 


1 




100 

200 

300 

400 

500 

600 

700 


0. 

.15 

1 


^" indentation. 




1 12,928 
! 14,544 


1 

i 


800 
900 




.Ex.1 


26 
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>Io. 715. 

White Pine. 

Size of spi'dijieii, G"x4".4x^4" long^. 

Compressed area, 4".02x4".02 = 16.16 s(iiiare iuehe«. 

End A «traigbt-graiued. 

Knd B compressed area i*overs knot Vf' diameter. 

KND A. 



'"^^H.'d"'- ^X^ffi ^•">— "-»■• ^e-*-- 



Ijid,. 



I.OIG 


100 


.01 




3, 232 


200 


.02 




4.848 


300 


.02 




e.464 


40<» 


.03 




7,H00 


--. 


.0!> 


^" indpntution 


8. OHO 


ivoo'"" 


.08 


9.«»6 


IH)0 


.28 





END B. 









0. 




1,016 


100 


0. 




3.232 


200 


0. 




4,848 


300 


0. 




6.4fl4 


400 


0. 




8,080 


500 


.01 




9, COO 


000 


.01 




11.312 


700 


.01 




12. 928 


8()0 


.02 




14, 544 


900 


.024 




16, !«'.) 


1,000 


.03 


\ 


19, 100 1 




. 05 


a'ft" iudeutation. 

716. 






No. 






White 


PlMK. 



Size of si)iM-Jiiien. 6" x 4". 4 x :24" loiiji;. 

Oompres.sed area, 4".0L' x 4".0L* - 16.16 square inches. 

Kud A straigiit -grained. 

End 15 c<>inpn»ssed areii covers a knot 2}'' diameter. 



END A. 



'"ialra."' :i;r:!"i,!;-ir. >"<'-t»tio». H..,„.rw,. 



I'ltHiulH Inch. I 

«• l». ' 

1,610 lUO 0. , 

3. 2:;2 20«J 0. I 

4. 84« :]0(i .01 1 1 

0,461 4(M) .02 j 

8. Cf^" 500 .04 ' 

9,690 000 .06 ,'o" iiidiMitatiou. , 

11,312 700 .14 ! 

12,928 800 .31 I 
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£ND B. 





1,«16 

3.232 

4,848 

6,404 

8,080 

9,696 

11, 312 

12,928 

14,544 

16, 160 

23,400 

26,856 





100 
200 
300 
400 
500 
600 
700 
800 
900 
1 000 



1,600 



\ -tV' lnd<uit»tion. 



No. 717. 

Yellow Pine. 

Size of specimen, 5''.60 x 4".50 x 24''. 

Oompressed area, 4".02 x 4''.02 = 16.16 square inches. 

End A straight-grained. 

End B compressed area covers a knot 2J" diameter. 

BNI> A. 



Loads ap- 
plied. 


Pounds per 
sqnare inch. 


Indentation. Ben 


Pounds. 




! 


Inch. 










0. 


8,282 


200 









6.464 


400 









9,696 


600 









12,928 


800 






1st 


16, UO 


1,000 






19, 392 


1,200 






03 


21,080 


1, 300 


1 




St 

05 kV indentation. 


22,624 


1,400 


{ 




24,240 


1,600 






13 


35,856 


1,600 






18 



BNI) B. 




282 



160 
624 



39,100 





200 

600 

1,000 

1.400 

1,800 



' indentation. 
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'• 
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